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Schaumburg, Sandstedt, and Fleming: 
Page 45, Fig. 1, line 2: For ~ 30 read x 27. 
Page 46, Fig. 2, line 2: For x 400 read x 350. 
Page 47, Fig. 3, line 2: For ~ 400 read x 360. 
Page 47, paragraph 2, line 6: For x 200 read x 170. 
Page 47, Fig. 4, line 2: For ~ 200 read x 170. 
Page 48, line 3: For ~ 400 read x 380. 
Page 48, Fig. 5, line 2: For x 400 read yx 380. 


Gordon, Jenness, and Geddes: 
Page 5: To replace Table I, please cut out the following corrected table and 
paste it over the original one. 


TABLE I 
Errect oF CASFEINATE SOLS AND OF SALT SOLUTIONS ON LOAF VoLUME 


: = = : : 


pH Mean 
Loat 


Dough 
Supp!ement 


of 
Supplement Volume 
788 
618 
628 
625 


caseinate? .! 
Calcium caseinate* 613 
Acid casein® in 80 ml. salt solution J 623 


ce. 
None—control 

Sodium caseinate*® 
Calcium caseinate*® 


772 


10 mil. salt solution® 
743 


80 ml. salt solution® 


‘Each value represents athe of The standard error of a single “de- 
termination in this series was 


2 Three g. of casein per 200g "few 
consisted of 0.460 g. 2H20, 0.150 and 0.124 4g. 
NaH2POs-HzO per 100 ml. Thus it contained 125 mg. each of calcium and phosphate (as 


PO.) per 100 ay A fine flocculent precipitate formed in this mixture. It was mixed thoroughly 
before use. 
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The maximum and minimum levels shown above for enriched bread, enriched flour, enriched 
farina, enriched macaroni, spaghetti and noodle products, enriched corn meal and corn grits are 
in accordance with Federal Standards of Identity or State laws. Act No. 183 of the Government of 
Puerto Rico requires the use of enriched flour for all products made wholly or in part of flour. This 
includes crackers, pretzels, etc. 

The levels for milled white rice are officially those of the Government of Puerto Rico. These levels 
are commonly accepted in U. S. domestic and export marketing and are based on the recommen- 
dation of the Committee on Cereals, Food and Nutrition Board, National Research Council. 
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you with @ quantity of this helpful resume for distribution to others in your organization, in teaching, or for your own 
files, please send your name and address to the Vitamin Division, stoting the number you need. 
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WHAT OUR INDUSTRY 
NEEDS MOST 


is a language for those flour characteristics which count. 
“Well”, you might say, “we use protein and ash in our 
specifications”. True —this is part of such a language. 


The ash figure gives you the purity of the flour and the 
protein figure, quite often, and in a general way, tells 
you whether you have a soft, medium-hard or hard flour. 
(Of course, many of us have since learned that the pro- 
tein figure is such a general indication that no definite 
figure, but only a certain range, need be specified. This, 
incidentally, is the best proof of the relative unimportance 
of the protein figure.) 


What we need is a language which gives us absorption, 
dough consistency, mixing requirements, mixing toler- 
ance, blending characteristics, “strength”, extensibility 
and resistance to stretching or pulling, often called 
“elasticity”; maturing requirements, effect of ingredients 
on the gluten, relative fermentation time and tolerance, 
malting requirements for best crumb and texture, etc. 


These are the characteristics which count and for which a 
language is needed in our industry. A language which 
can be understood and used by the chemist, the miller, 
the flour salesman, the baker. 


The Fartnocrarn, the Extensocrarpn and the Amyto- 
Grapu provide this language. An important language? 
Worthwhile to get acquainted with? Several hundred 
milling and baking chemists have thought so. 


We shall be happy to introduce you to this new lan- 
guage. Write us for details. 


BRABENDER CORPORATION Rochelle Park, N.J. 
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You can order all these essential bakery products 


National Bakers Compressed Yeast 
National Active Dry Yeast 

National Baking Powdes 

National Baking Cream 

National Bakers Margarine 


National Bakers Malt Syrup 
National Bakers Dry Malt 
National Enrychment Tablets 
National Yeast Food 
National Puff Paste 


National 

Armour Cloverbloom Frozen Whole Eggs 
Armour Cloverbloom Frozen Egg Whites 
Armour Cloverbloom Armtex 

Armour Cloverbloom Sugares Yolks 


with uniformly goad Peast to make 
. 
: 


Reasons Why 


High Torque 


STIRRERS 


DO A BETTER JSOB- 


This unit is designed to handle a simple or 
critical stirring job with maximum efficiency. 
It’s engineered and built for absolute depend- 
ability under the most exacting requirements. 
Light liquids or viscous . . . high or low speed 
+». Constant or varying consistency . . . what- 
ever the job, it will do it the way you want it 
perfectly. 


Here are a few of the reasons why: 
@ High torque at all speeds. 


© Precise control of speed from 100 to 1300 rpm 
without reducing stirring effectiveness. 


@ Adequate power for stirring extremely viscous 
liquids. 


@ Fully enclosed cone drive protected from fumes, 

i oil spattering, etc. 

é a @ Stainless steel parts resist corrosion. 
rie 4 N Coos @ No variation of stirring speed though con- 
/ N 4 sistency of liquid may change greatly. 

j - <aueetn @ Improved double-grip chuck provides tight 
2 i= «| clamping and perfect alignment of stirring rod. 
© Finger-tip speed adjustment with indicator 

We. 18002 Conce High Torque Meter Seer, 118 vein, over tao 
cycle AC........ Ord lay. We'll make promp ‘en 


CENTRAL SCIENTIFIC COMPANY 
1700 IRVING PARK ROAD © CHICAGO 13, HLLINOES 
CHICAGO - NEWARK GOSTON WASHINGTON OETROIT SAN FRANCISCO 
SANTA CLARA LOS ANGELES TORONTO MONTREAL VANCOUVER OTTAWA 


REFINERY SUPPLY COMPANY 
24 EAST FOURTH STREET © TULSA 3, OKLAHOMA 
2215 McKINNEY AVENUE © HOUSTON 3, TEXAS 


. 
: 
Left—Drive shoft porcilel with 
foce of cone insures igh torque 
’ and constont speeds under vary- 
ing conditions. Speed is 
A, ing the knurled knob at the top. 
| 
+ ene dependalie source of 
a supply for everything you need in 
scientific instruments ond labor- 
etory supplies. Over 15,000 items 
«++ 14 branch offices and ware- 
houses. 
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| CREEK CATALYST 


For Nitrogen Determinations In Kjeldahl Tests 


KJELDAHL-WILFARTH-GUNNING METHOD 
D-C TAB No. 3 
HgO + K,SO, 


Two Tablets wae the catalyst in- 


gredient and K.SO, in the quantity 
and ae as specified by the 
A.O.A.C. for the analysis of protein 
by the official Kjeldahl-Wilfarth- 
Gunning Method. (Formerly K-G-A) 


GUNNING METHOD 
D-C TAB No. 2 
cuso, + K,SO, 


One Tablet supplies the catalyst ingre- } 
dient and K,SO, in the quantity and 
proportion as specified by the A.O. 
A.C. for the analysis of protein by 
the official Gunning Method. 


Write For Samples 


ADvERTISED 
MEDIC AL 
Associaniom 
ations 


ADVERTISED 
in THE 
Journal of the 


Association of Official 
Agricultural Chemists 


Produced under the supervision of 
a pharmaceutical chemist. Each 
batch is analytically tested and 
recorded for uniform results. 


Packed for your convenience 
225 D-C Tabs per container. 
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BAKING 


SCIENCE AND TECHNOLOGY 


By E. J. Pyler, 
Editor, The Bakers Digest, 
in collaboration with the 
staff and faculty of the 
Siebel Institute of Technology 


This is the first reference work to be 
published on this subject in almost 20 years. 
It covers just about every conceivable phase 
relating to modern bakery production. It’s 
indexed for quick, easy reference. 


CONTENTS 
In Two Volumes — Over 800 pages 
The scientific facts on carbohydrates, 
fats and oils, proteins, enzymes, vita- 
mins, micro-organisms and _ physical 
chemistry. 
Detailed information about wheat and 
miscellaneous flours, sugars and syrups, 
shortenings, milk products, egg prod- 
ucts, water and salt. 

. Thorough discussion of the modern 
principles of dough mixing, fermenta 
tion, make-up, baking, rye bread pro- 
duction, bread-staling, and testing meth- 
ods. 

Cake baking, with details on ingredi- 
ents, flavor, techniques, and miscel- 
laneous bakery products. 

Bakery equipment, including flour han 
dling units, mixers, dividers, rounders, 
moulders, ovens, bread coolers, slicers 
and wrappers, etc., and bakery sani- 
tation. 


PRICE: $15.00, Two Volumes 


Please send me 


copies of “Baking Science and Technology, 
at $15.00 per two volume set. 


REVIEWS AND COMMENT 


Journal of the A.O.A.C.: 


“. . . @ good source of reference for 
the bakery production man, baking chem- 
ist, cereal chemist . . .” 


Food Technology: 
“The author will long be remembered in 
the baking industry for the monumental 
task he has done in assembling a vast 
amount of material in a form which 
makes it so useful a book to so many 
in all phases of the baking industry.” 


Cereal Chemistry: 


“The volumes will be valued additions to 
any reference library.” 


C. H. Bailey, 
University of Minnesota: 
“These are truly magnificent documents.” 


C. W. Brabender: 


“May | congratulate you for this excel- 
lent piece of work which is really a great 
contribution to the further developmen’ 
of the baking industry.” 


A Recomended Text at: 
Florida State University 
Kansas State College 
University of Wisconsin 


Check Enclosed (Postage Prepaid) 
Send C.0.D. ($15.00 per set, plus mailing charges) 


Zone State 
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Q. What is PY-RAN? 
A. PY-RAN is the new, coated, anhy- 


drous monocalcium phosphate leav- 
ening agent just put on the market 
by Monsanto. 


Q. Just what is meant by “coated’’? 
A. Each granule of PY-RAN has a 


moisture-absorbent covering which 
protects it against premature reac- 
tion during storage or shelf life. 


Q. What can PY-RAN do for me? 


A. Give you leavening stability never 


before possible. 


Q. How will this stability affect the 


shelf life of my products? 


A. Aging tests conclusively prove PY- 


RAN’s superior stability increases 
the life of prepared mixes and self- 
rising flour. The special coating re- 
tards premature reaction. Deterio- 
rated, returned goods are reduced 
to a minimum. 


Q. How will this greater stability 


affect the release of CQ2? 


A. Greater stability of PY-RAN as- 


sures a controlled release of gas, 
even after long storage. Tests clearly 
prove PY-RAN releases CO2z slowly 
during first two minutes of the mix- 


ing of the dough or batter. This 
two-minute reading is especially 
important as any CO2 evolved dur- 
ing this time will be unavailable 
for leavening action in the oven. 


. What other advantages has 


PY-RAN? 


Slow, controlled release of gas as 
roduced by PY-RAN gives excel- 
ent texture, volume, and crust and 

crumb color. Tunneling is virtually 

eliminated. 


Can PY-RAN be used in conjunc- 
tion with other phosphate leav- 
ening agents? 


Yes. PY-RAN will blend perfectly 
with other leavening phosphates 
such as Monsanto SAPP and HT 
phosphates. 


How can I find out more about 
PY-RAN? 


. We will be glad to furnish you sam- 


les so you can see for yourself what 
it will do. In addition, our com- 
pletely equipped food laboratory is 
ready to work with you to show 
you the best way to use PY-RAN 
and other of the Monsanto leaven- 
ing phosphates for maximum re- 
sults. For more information or a 
copy of the new booklet, ““MON- 
SANTO PHOSPHATE LEAVEN- 
ING AGENTS,” write to MON- 
SANTO CHEMICAL COMPANY, 
Inorganic Chemicals Division, 1700 
South Second St., St. Louis 4, Mo. 


Other Members of Monsanto's 
Leavening Family 


Monsanto SAPP-40.. . ideal for machine 
doughnut mixes 

Monsanto SAPP-28 .. . a slow-action 
baking acid 


Monsanto HT Phosphate . . . MCP mono- 
hydrate: use it alone or with other mixes for 
good results. PY-RAN: Reg. U. S. Pat. Off. 


MoNsANTO 


SERVING INDUSTRY... 
WHICH SERVES MANKIND 


Questions 

Answers 

PY-RAN 


Automatic Release and Seal 
SPEEDS SOLVENT EXTRACTIONS 


FOR FATS, VITAMINS, CAROTENE AND OTHER DETERMINATIONS 


NO. 3900 “GOLDFISCH” EXTRACTION APPARATUS 


Dimensions: 10” x 38” x 31” high. Available in 2, 4, and 6 ca units, 
complete with all glassware and ready to operate. aed 


In “Goldfisch” improved extraction apparatus, the condensation 
chamber is sealed automatically after air has been automatically re- 
leased by the valve. This permits vaporized solvent to condense 
quickly in the condensation chamber and speeds your extraction 
process. The sealed chamber also prevents the escape of solvent so 
that a high percentage can be reclaimed. 


These time-saving, money-saving features of “Goldfisch” extraction 
apparatus make it the choice of hundreds of industrial and institu- 
tional laboratories. “Goldfisch” apparatus is in service today in 30 
state feed control laboratories. 


Comparative tests, list of users, full details in Folio “F”’. 
Write today for your copy. 


Also available: Bulletin on Kjeldahl Nitro- 
gen apparatus and crude fiber condensers. 


LABORATORY CONSTRUCTION COMPANY 


1113-1115 Holmes Street, Kansas City, Missouri, U.S.A. 
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THE BAKING BEHAVIOR OF CASEIN AND WHEY PREPARED 
FROM SKIMMILK BY VARIOUS PROCEDURES' 


A. L. Gorpon,? Rosrert Jenness,* ann W. F. Grepprs* 


ABSTRACT 


Casein was separated from raw skimmilk by acid coagulation, rennet 
coagulation, and supercentrifugation. Baking tests, in which the caseins 
and corresponding wheys were incorporated into bread doughs in quanti- 
ties equivalent to those which would be added if 6% of nonfat milk solids 
were included in the formula, showed that all fractions depressed the loaf 
volume of bread made without shortening. The casein preparations were 
more deleterious to baking quality than the wheys. The method of frac- 
tionation had little influence, although acid-precipitated casein gave loaf 
volumes slightly superior to those given by casein prepared by rennet co- 
agulation or supercentrifugation. Baking tests made with sodium caseinate 
and three calcium caseinate sols containing different levels of calcium gave 
similar results; only a slight depression in loaf volume was produced by a 
calcium phosphate suspension. 

These results confirm the observations of certain Dutch workers (van 
Dam et al., 5) that casein prepared by supercentrifugation is detrimental 
to loaf volume, but are not in agreement with their other observation that 
the corresponding supercentrifuge whey has no adverse effect. 


The first step in attempting to assign the effects of skimmilk on 
bread to any of its constituents has usually been to fractionate the 
skimmilk into casein and whey and to incorporate these separately 
into dough. Three methods of removing casein, involving respectively 
acid coagulation at the isoelectric point, rennet coagulation, and 
supercentrifugation, have been employed by various workers. The 
fractions obtained by these three methods are not of identical com- 
position. Casein exists in milk in the form of particles containing, in 
addition to the protein itself, considerable amounts of calcium and 
phosphate and a little magnesium and citrate. In acid coagulation, 
free casein is precipitated and the associated salts are transferred to 
the whey. Rennet coagulation, on the other hand, involves no change 


1 Manuscript received September 18, 1953. Paper No. 3048, Scientific Journal Series, 
Minnesota Agricultural Experiment Station. The data in this paper constitute part of a 
thesis presented to the Graduate School of the University of Minnesota by A. L. Gordon in 
partial fulfillment of the requirements for the Ph.D. degree, August 1952. 

2 Present address: A. E. Staley and Co., Decatur, Illinois. 

* Professors of Agricultural Biochemistry, University of Minnesota, St. Paul. 
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in pH and the associated salts remain with the casein. Likewise, when 
the casein particles are removed by high-speed centrifugation the 
associated salts remain with the particles, but the separation is usually 
not complete, some casein particles remaining in the whey. 

Both the casein and whey fractions obtained by acid coagulation 
have been shown to depress loaf volume when incorporated into 
bread doughs (2, 3). Harland et al. (1) reported significant depressions 
by acid whey but not by acid-precipitated casein. Rennet whey also 
depresses loaf volume (1, 2), but rennet-clotted casein does not seem 
to have been investigated for baking quality. In contrast to these 
observations, van Dam et al. (5) have reported that casein prepared 
from skimmilk by supercentrifuging is detrimental to loaf volume, 
whereas the corresponding supercentrifuge whey had no adverse el- 
fect. ‘These workers also found that calcium caseinate prepared in 
the laboratory improved loaf volume, a deleterious effect being ex- 
erted only when the colloidal calcium phosphate was also present. 
Heeres and Meijknecht (2), on the other hand, observed depressions 
of loaf volume with calcium caseinate, sodium caseinate, and a water 
dispersion of casein. 

These discrepancies in the literature prompted the present study 
of the effects on breadmaking of caseins and wheys prepared by acid 
and rennet coagulation and supercentrifugation. In addition some at- 
tention was devoted to caseinate sols of controlled composition in an 
effort to check the contentions of van Dam et al. (5). 


Materials and Methods 

All milk fractions employed were prepared from unheated skim- 
milk from the University Dairy. Supercentrifugation was accomplished 
in the batch bowl of a Sharples Supercentrifuge operating at 40,000 
r.p.m. for 30 minutes. This procedure resulted in a fairly good separa 
tion of casein and whey. Approximately 10°), of the casein remained 
in the whey, a result comparable to that reported by van Dam et al. 
(5). The casein fraction was removed from the wall of the centrifuge 
bowl with a large spatula and triturated in distilled water with a 
mortar and pestle to produce a uniform sol. The whey fraction was 
strained through cotton to remove traces of fat which were present. 


Acid precipitation was performed by adjusting skimmilk to pH 
1.6 with N hydrochloric acid solution. After the casein was filtered 
off, both a water suspension of casein and the whey were adjusted 
to pH 6.6 with N sodium hydroxide solution. 

Rennet casein and whey were prepared by treating 600 ml. of skim- 
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milk with 3 ml. of a diluted (1:10) commercial rennet extract (Chr. 
Hansen's Laboratories, Little Falls, New York) and holding at 35°C. 
for 20 minutes and subsequently at room temperature for | hour to 
expel the whey from the casein. The casein clot was homogenized in 
distilled water with a Waring Blendor for 5 to 10 minutes to produce 
the finely divided suspension which was used in baking studies. 

Calcium caseinate sols were prepared by titrating a water suspen 
sion of acid-precipitated casein with a saturated solution of calcium 
hydroxide until the desired amount of calcium was added. The pH 
was then adjusted to 6.5 with a dilute solution of hydrochloric acid 
or sodium hydroxide. 

To evaluate the effects of these fractions in breadmaking, experi- 
mental baking tests were conducted employing the modification of 
the A.A.C.C, basic formula and procedure described by Larsen et al. 
(3). The respective fractions were used in quantities which would be 
equivalent to the amounts present if 6°7, nonfat milk solids were in- 
cluded in the formula; the relative concentrations of the casein and 
whey fractions in skimmilk were based upon determinations of nitro- 
gen distribution by the Rowland method (4). The fractions were 
added as aqueous dispersions to which the yeast, salt, and sugar were 
added; sufficient additional water was used to give the desired absorp- 
tion (58%, in some tests and 62°), in others). No shortening was used. 


Results 

Casein and Wheys. Raw skimmilk and the casein and whey frac- 
tions prepared therefrom all depressed the loaf volume of bread be- 
low that of the controls. As shown in Fig. 1, however, the casein frac- 
tions were more deleterious than whey in their baking action. 

A second series of baking tests was performed by two collaborating 
bakers (with omission of the rennet fractions) using an absorption of 
62°. The results shown in Fig. 2 substantially agree with those of 
the first series. 

Sodium and Calcium Caseinate Sols. In the above experiments acid- 
precipitated casein was incorporated into dough in the form of sodium 
caseinate, but the rennet and supercentrifuged caseins contained con- 
siderable calcium and phosphate. The fact that all three preparations 
behaved similarly is evidence against any specific action of calcium 
or phosphate. However, as a further test, a series of bakes was made 
with sodium caseinate and three calcium caseinate sols containing 
different levels of calcium. A calcium phosphate suspension containing 
125 mg. each of calcium and phosphate (as PO,) per 100 ml. and hav- 
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WHEY CASEIN 


Fig. 1. Effect of various milk fractions on the loaf volume of bread. Doughs were made 
with 58% absorption (flour basis). (In the bake designated “rennet,” 0.5 ml. of a 1:10 dilution 
of commercial rennet extract was added per 200 g. of flour.) 

Each value represents the average of Guglhesies. The standard error of a single determina- 
tion in this series was 12.7 cc. 


ing a pH of 6.0 was also included in this series at two levels in the 
absence of casein and at one level with casein. The results, shown in 
Table I, indicate a similar behavior for casein regardless of the man- 
ner in which it is dispersed. Only a slight depression was produced by 
the calcium phosphate suspension. 


Discussion 

The findings of van Dam et al. (5) that casein prepared by super- 
centrifuging depresses the loaf volume of bread were confirmed. How- 
ever, it was also demonstrated that bread baked with supercentrifuged 
whey as an adjunct was consistently 10 to 15°, lower in loaf volume 
than the controls. This agrees with results previously reported for acid 
and rennet whey (1, 2, 3) but not with those of van Dam et al. (5) for 
supercentrifuged whey. 
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Fig. 2. Effect of various milk fractions on the loaf volume of bread. Baking tests were con- 
ducted by two bakers, employing 62% absorption (flour basis). 

Each value represents the average of duplicates. The standard error of a single determina- 
tion in this series was 13.3 cc. 


TABLE I 
Errect or CASEINATE SOLS AND OF SALT SOLUTIONS ON LOAF VOLUME 


| Calcium 
Hydroxide 
Dough per 3g. 
Supplement Casein Volume ' 


mg. ce. 
None—control 772 
Sodium caseinate? 743 
Calcium caseinate* 788 
Calcium caseinate* 618 
Calcium caseinate* .! 628 
Acid casein? in 80 ml. salt solution | ef 625 
10 ml. salt solution* .! 613 
80 ml. salt solution® . 623 
1Each value represents the average of duplicates. The standard error of a single de- 
termination in this series was 11.1 ce. 

2 Three g. of casein per 200 g. flour. 

*Solution consisted of 0.460 g. CaCle2HeO, 0.150 g. NasHPOs, and 0.124 gz. 
NaHePO;«:'H2O per 100 ml. Thus it contained 125 mg. each of calcium and phosphate (as 
POs) per 100 mi. A fine flocculent precipitate formed in this mixture. It was mixed thoroughly 
before use. 
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In general, the method of tractionating milk into casein and whey 
components had very little influence on baking behavior. Acid-precipi- 
tated casein was slightly superior to rennet-clotted casein and super- 
centrifuged casein in baking behavior. This may be due to a loss of 
milk salts associated with the casein component in milk which were 
removed by acidifying milk to a pH of 4.6. 

The contention of van Dam et al. (5) that calcium caseinate im 
proves loaf volume whereas sols containing both calcium caseinate 
and phosphate are depressants was not confirmed. In all cases in the 
present study calcium caseinate sols depressed loaf volume regardless 
of whether they contained phosphate or not. Possibly one reason for 
the discrepancy is that the pH of the calcium caseinate sols in the 
present experiments was maintained at a constant value of 6.5, whereas 
in van Daim’s studies it varied from 5.7 to 10.4 depending on the con- 
centration of calcium present. 
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PURIFICATION OF ALPHA-AMYLASE FROM SUBMERGED 
CULTURES OF ASPERGILLUS ORYZAE' 


K. J. Gorrinc? and Victor C. 


ABSTRACT 


An adsorption procedure has been developed which allows the alpha- 
amylase from submerged cultures of Aspergillus oryzae to be concentrated 
from 15- to 37-fold by adsorption of the enzyme on a portion of the mold 
mycelium followed by elution with a borate buffer. This procedure at the 
same time eliminates over 99°) of the proteinases, 93°, of the limit dex- 
trinase, and 87°, of the Kjeldahl! nitrogen present in the original fermenta- 
tion liquor. 

Mycelium of Aspergillus oryzae failed to adsorb the alpha-amylase from 
Aspergillus niger and malt extract, indicating that either these alpha- 
amylases must differ somewhat in structure, or certain interfering substances 
are present. 


A great deal of work has been carried out to test the feasibility of 
using fungal alpha-amylase for the diastating of flour. Green (3), 
Kneen and Sandstedt (8), Miller and Johnson (9), Johnson and Mil- 
ler (7), and Harrel, Lincoln, and Gunderson (4) have suggested that 
fungal amylase might be suitable in baking as a replacement for 
malted wheat flour. Some of the advantages claimed for fungal amylase 
over malted wheat and barley flour are reduction of “buckiness” in 
doughs by increasing their mobility during fermentation, control of 
dough consistency, improvement of loaf volume, increase in softness 
of crumb, and elimination of sticky crumb due to an excess of supple- 
ment. Fungal supplements also make possible the production of a 
lighter colored flour. However, the proteolytic activity associated with 
fungal cultures has been found to be quite variable, and since ex- 
cessive dosages of proteinases have been found to be detrimental by 
many investigaiors (2, 5, 6, 9, 13), any method used to produce a 
diastating enzyme from fungi must be designed to control the proteo- 
lytic activity as well. Since the main disadvantages in the use of fungal 
enzymes for the diastating of flour are their cost of production and the 
high concentration of proteolytic enzymes associated with the amylase, 
this investigation has been directed toward a less expensive method 
of preparation which at the same time would eliminate a great deal 
of the undesirable enzyme activity. 

Yuzo Tokuoka (17, 18) first reported that the alpha-amylase from 


' Manuscript received January 12, 1953. 
* Department of Chemistry, Montana State College, Bozeman, Montana. 
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moto-koji could be adsorbed by the residue left after the enzyme had 
been extracted. He prepared koji by growing a culture of Aspergillus 
oryzae on steamed rice. The alpha-amylase was extracted with water 
and a 1°, sodium chloride solution. When a small amount of the ex- 
tracted residue was added to this extract and 95°, ethanol added 
until the alcohol concentration reached 40°7, Tokuoka found the 
alpha-amylase was almost quantitatively adsorbed on the residue. He 
thought that the rice somehow adsorbed the enzyme, stating that “al- 
though takadiastase could not be adsorbed by starch powder or ory- 
vinin it is markedly adsorbed by steamed rice.” 

Schwimmer and Balls (15, 16) used 40°, ethanol and wheat starch 
to adsorb alpha-amylase from malt and likewise obtained almost 
quantitative removal of the enzyme. They also have shown that differ- 
ent starches have a profound effect on the adsorption of alpha-amylase. 
In view of these facts, and the fact that we are unable to get any ad- 
sorption on mycelium in the presence of 1°, sodium chloride, the 
authors have concluded that the active adsorbent of the alpha-amylase 
in the Tokuoka experiment was the rice starch present in his moto- 
koji and not the small amount of mycelium of Aspergillus oryzae. 


Materials and Methods 

Production of Fungal Amylase Cultures. Stock cultures of molds 
were maintained on a medium containing corn starch (1.5%), potas- 
sium nitrate (0.4%), calcium carbonate (0.1%), primary potassium 
phosphate (0.05%), magnesium sulfate (0.025°7), potassium chloride 
(0.02%), iron, zinc, and copper (5 p.p.m.), and agar (2%). After the 
cultures were well sporulated they were stored at 4°C. until used. 
The original cultures were covered with sterilized paraffin oil and 
kept at 4°C. 

The inoculum was prepared by taking a 48-hour slant culture pre- 
pared in the same manner as the stock cultures and transferring a loop- 
ful of mold to 200 ml. of the same medium, less agar, contained in 
a I-liter wide-mouth Erlenmeyer flask. 

One of the flasks, after 48 hours’ incubation in a reciprocal shak- 
ing machine, was used to inoculate 10 1. of the same medium in a 
large Pyrex bottle equipped with an aerator made by attaching a can- 
vas bag to the end of the air delivery tube, through which sterile air 
was passed at a rate of one-third volume of air per volume of medium 
per minute. The cultures were aerated at 30°C. until enzyme pro- 
duction was maximum. This value was reached in 3 to 6 days. 

During the latter part of this investigation the potassium nitrate 
was replaced by urea. 
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Alpha-Amylase Activity. Vhe alpha-amylase was determined by 
Olson, Evans, and Dickson's (11, 12) modification of the Sandstedt, 
Kneen, and Blish (14) procedure. However, since Aspergillus oryzae 
does not produce any beta-amylase, the soluble starch substrate was 
not treated with beta-amylase. Our unit of alpha-amylase is the 
amount of enzyme which dextrinizes | g. of Lintner’s soluble starch 
in one hour at 30°C. (One alpha-amylase unit on starch which is not 
treated with beta-amylase equals 8.8 units on beta-treated starch under 
our conditions.) 

Limit Dextrinase. The limit dextrinase activity was determined by 
the method of Back, Stark, and Scalf (1). The unit of measurement is 
expressed as percent hydrolysis of limit dextrin to fermentable sugar 
in | hour, at 30°C., by 1 ml. of enzyme solution. 

Proteolytic Activity. The proteolytic activity was measured by the 
method of Northrop (10). The pH of the gelatin was held at 7.5 with 
a phosphate buffer. A change of 1°) per minute in specific viscosity 
of a standard gelatin solution is defined as one unit of proteolytic 
activity. 

Adsorption and Elution Procedure. Vhe culture was grown under 
forced aeration on a medium containing starch, a nitrogen source, 
and essential minerals. When amylolytic activity was maximum, the 
mycelium was removed from the fermentation liquor by filtration, 
alter adjustment of the pH to 8.5 with dilute sodium hydroxide. 
Since the cultures always finished at pH 7.8-8.2, this took very little 
alkali, but it was necessary in order to get complete separation of the 
enzyme from the mycelium, Approximately one-filth of the mycelium 
(5 g. of mycelium per L, containing 859%, moisture) was washed and 
then resuspended into the culture filtrate. The pH of the filtrate was 
adjusted to 5.0 with glacial acetic acid, the temperature adjusted to 
37°C., and the entire mixture agitated gently for | hour, The my- 
celium was then removed by filtration, washed with a little water 
which had been adjusted to pH 5, and resuspended in a minimum 
amount of solution (1/26-1/40 the original volume of fermentation) 
containing 1° sodium chloride dissolved in a solution consisting ol 
25% by volume of borate buffer and 75°, water. The borate buffer was 
prepared by mixing 50 ml. of 0.2M potassium chloride, 50 mil. of 
0.2M boric acid, and 8.5 ml. of 0.2M sodium hydroxide and making 
up to a total volume of 200 ml. The pH of the elution liquid was 
then adjusted to 8.5 with sodium hydroxide. This solution was 
allowed to stand for 0.5 hour with gentle agitation, then the my- 
celium was removed by filtration, leaving a filtrate in which the alpha- 
amylase had been concentrated from 15- to 37-fold with the removal 
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of substantial amounts of limit dextrinase and proteolytic activity. In 
later experiments the borate buffer and water was replaced with a 
2%, sodium bicarbonate solution which was equally satisfactory. 


Results and Discussion 
Effect of pH on Adsorption. Preliminary experiments had indicated 
that mycelium of Aspergillus oryzae would adsorb its alpha-amylase 
from the culture liquor. Since maximum adsorption should be ob- 
served at the pH which causes the greatest differential in the charge 
carried by the mycelium and enzyme, a series of experiments was made 
to determine the optimum pH for adsorption by adjusting the pH 
of culture liquor with glacial acetic acid. 
pH of Culture Amylase Adsorbed 
fo 
4.50 
4.75 
5.00 
5.50 
6.00 
From the above it is apparent that the most favorable pH is 5. 
Effect of Temperature on Adsorption. Preliminary work indicated 
that the temperature of the fermentation liquor also had a very defi- 


nite influence on the rate of adsorption. To determine the optimum 
value, a series was run by adjusting the culture liquor to pH 5 and 
agitating in water bath for | hour at various temperatures. 


Temperature, °C. Amylase Adsorbed 


25 
30 
35 
37 
40 

These results indicated that any temperature between 35° and 
40°C, was satislactory. 

Effect of Concentration of Mycelium on Adsorption. In the pre- 
liminary work it was observed that the addition of a higher concen- 
tration of mycelium increased the amount of amylase recovered. How- 
ever, excessive amounts of mycelium limit the final concentrations 
which can be obtained. Concentrations of more than 15 g. of my- 
celium per |. resulted in a pastelike consistency in the elution liquid 
if concentrations of 20-fold were being attempted. For this reason 
our results were obtained on the basis of 5 g. of mycelium per liter. 
However, to determine the results of using higher concentrations a 


| 
| 
| 
| 


January, 1954 k. J. GOERING AND VICTOR C. BRUSKI ll 


series of tests was run on one exceptionally poor batch of mycelium. 
These results are expressed below. 


Mycelium (85%, Moisture) Recovery of Alpha-Amylase 
g./l. % 
5 60 
10 66 
15 79 
20 87 
25 89 

From these results it can be observed that the recovery increases 
with increasing amounts of mycelium. 

Effect of Salt Concentration on Adsorption. Although the elution 
of the enzyme did not offer a problem (elutions of 90 to 106°7, were 
obtained regularly), the adsorptions were not always satisfactory, as 
indicated in the following table. 

Test No. Times Concentrated Recovery 
% 

15.0 
16.0 

19.0 
37.0 
32.0 

$5 
22.3 
26.0 
31.0 
25.0 
34.0 
$5.0 


Since the salt concentration was found to be very important in elu- 
tion, it appeared reasonable that the excess salt present in the medium 
might be responsible for the erratic results observed. The chief source 
of salt in the culture liquor was the residual potassium bicarbonate 
which results from the potassium nitrate used as a nitrogen source. 
If this was true, replacing the potassium nitrate with a nitrogen source 
which would not leave a salt residue should remove this obstacle. 
One way this could be done was by feeding in nitric acid during the 
fermentation, being careful not to lower the pH below 4. ‘This was 
tried and found quite satisfactory. The other possibility was to re- 
place potassium nitrate with a nitrogen source, such as urea, which 
would leave no residue. This was tried and found extremely satisfac- 
tory, as the following table indicates. 

The average adsorption of the first nine runs using urea gave an 
average recovery of 90.8%. 
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Test No. Times Concentrated Recovery 
% 
56 24 95.2 
37 24 98.7 
38 22 91.6 
40 18 81.3 
41 23 91.0 
42 18 85.0 
43 15 82.5 
44 21 94.0 
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Concentration and Fractionation of Alpha-Amylase by Adsorption. 
With the fact established that alpha-amylase could be easily concen- 
trated by this method, it was desirable to see if, at the same time, the 
alpha-amylase was separated from other enzyme systems. To test this 


TABLE I 


CONCENTRATION AND FRACTIONATION OF ALPHA-AMYLASE FROM Limit DexTRINASse, 
KJELDAHL NITROGEN, AND Activiry BY MycreLiuM ADSORPTION 


Fractions 


3 


2 4 


Filtrate 


Filtrate Elution Li- | from (3) Elution 
Mold from (1) quid from | after | Liquid 
| Filtrate after | Mycelium | Second | from 
| as — Mycelium Adsorption | Mycelium Second 
| Ol. 


Adsorption 550 ml. Adsorption Adsorption 


Amylase units/ml. 1.50 0.22 43.00 0.32 110.00 


Percentage of original | 
amylase 100.00 14.70 78.50 0.59 73.50 


Concentration by 
activity 29.00 | 73.00 
| 
Kjeldahl nitrogen 
mg./ml. 01475 0.1380 0.855' | 0.255 1.80" 


Percentage of original 
Kjeldahl nitrogen 100.00 | 93.50 | 15.90 4.70 12.20 


Limit dextrinase 
hydrolysis /ml. 2.01 1.90 5.67 4.50 12.50 


Percentage of original 


dextrinase 100.00 94.50 7.75 


Proteolytic activity 
units 


3.00 


199 103 | 


Percentage of original 
proteolytic activity | 100.00 | = 66.40 0.94? 0.27 0.57 
| 


' Probably some additional nitrogen released from mycelium under conditions of elution. 
+ Apparently, either part of the proteolytic enzyme is adsorbed but fails to elute under 
the conditions used, or it may be inactivated by the elution treatment. 
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procedure, 20 |. of mold filtrate was concentrated to 550 ml. in one 
adsorption and this filtrate was further concentrated by a second ad- 
sorption to a volume of 200 ml. with a total concentration of 100 
times by volume. The alpha-amylase activity, limit dextrinase activity, 
Kjeldahl nitrogen, and proteolytic activity were followed through 
these purification steps. The results are presented in Table 1. 

It can be observed that the amount of the enzymes removed by 
the elution liquid and that found in the final concentrate do not add 
up to 100%, in each case. This is due to several factors, the most im- 
portant being that the enzymes may not be completely removed by 
elution under the conditions of the experiment, and secondly, some 
of these methods of analysis are not accurate to more than 3 to 5%. 

From these results it can be observed that a second concentration 
by this adsorption procedure was possible. However, it was discovered 
that it was necessary to first dilute the solution so that the salt con- 
centration was less than 0.59%, or to dialyze it free of salts before the 
second adsorption. This adsorption procedure was found to eliminate 
93.8°, of the limit dextrinase activity, 87.8°%, of the Kjeldahl nitro. 
gen, and 99.4%, of the proteolytic activity. 

Concentration of Adsorption Filtrate by Vacuum-Distillation. Since 
the filtrates obtained from this adsorption procedure are low in salt 
concentration (approximately 1%), they can be readily concentrated 
by vacuum distillation with no loss in activity. We have readily ob- 
tained concentrations of 465 times that of the original culture filtrate 
by a combination of adsorption and vacuum distillation with over-all 
recoveries of 73.5%. 

Selectivity of the Adsorption of Alpha-Amylase on the Mycelium 
of Aspergillus oryzae. This adsorption process appeared to be very 
selective, as the mycelium from Aspergillus oryzae, when run under 
the same conditions as were found to be optimum for the adsorption 
of its own alpha-amylase, failed completely to adsorb the alpha-amylase 
from malt extract and Aspergillus niger, regardless of whether or not 
these enzyme solutions were first dialyzed to free them of salts. 

In order to test the possibility of this technic being applicable only 
to the strain of Aspergillus oryzae we were using, two cultures, NRRL 
454 and NRRL 694, were obtained from the Northern Regional Re- 
search Laboratory. Used under optimum conditions for our own cul- 
ture, they gave adsorption of 79°% and 59%, respectively. Although 
these values are a little low, probably the optimum conditions for 
these cultures may vary slightly from ours. ‘The adsorbed enzyme from 
both cultures was 90°; eluted by our elution technic. 
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The fact that alpha-amylase from Aspergillus niger and trom malt 
failed to adsorb on mycelium of Aspergillus oryzae warrants further 
investigation. This would indicate that either these enzymes have a 
structure slightly different from that of the alpha-amylase of Asper- 
gillus oryzae, or certain substances are present which may interfere 
with their adsorption. 
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BAKING BEHAVIOR AND OXIDATION REQUIREMENTS 
OF SOY FLOUR. 
I. COMMERCIAL FULL-FAT SOY FLOURS'” 


C. W. Orect, A. K. Smitu,* AND Rosert E. DerGcEs* 


ABSTRACT 

A survey of the baking behavior of presently available full-tat soy 
flours, when used at a 5% level based on the wheat flour, was made to deter- 
mine their effect on dough and bread properties. The results show that 
when potassium bromate is used in the range of 1.0 to 3.0 mg. %% on wheat 
flour basis, the deleterious effects usually attributed to soy flour are almost 
entirely absent. Dough properties are satisfactory and loaf volume nearly 
equivalent to that of the basic loaf; some change in crumb color is detect- 
able. The best grades of soy flour have a nitrogen solubility in water in the 
range of 35 to 45%. Water absorption of the dough was increased 08°, 
for each %%, of soy flour added. 


During recent years there has been considerable interest in the 
fortification of commonly used low-cost foods with protein, minerals, 
and vitamins as a means of bettering the nutritional status of people 
in all economic brackets. The wisdom of such fortification with vita- 
mins and minerals has been very well demonstrated in the 1944 and 
1948 medical surveys of nutrition in Newfoundland (1,2) and by the 


recent survey, done at the hospitals of the State University of Lowa, 
of the dietary habits of pregnant women. In this survey, Jeans, Smith, 


and Stearns (9) reported that 59°) of the women included in their 
survey had a protein intake less than 75°, of the recommended pro- 
tein allowance of 85 g. daily. 

The American miller and the American baker have contributed 
to the welfare of the people through the bread-enrichment program 
which during the past 10 years has aided in the more general attain- 
ment of optimum vitamin and mineral intake. A food so universal 
and used in such quantities as bread might easily carry its load of 
other nutrients in proportion to the calories it furnishes. 

It is common knowledge that the wheat proteins are deficient in 
lysine and valine, and Light and Frey (10) have demonstrated that the 
supplementary value of other proteins for wheat protein results from 
the addition of these amino acids. Soy flour, in addition to raising the 
total protein content of the bread, has a specific effect because full-fat 
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soy flour (449% protein) contains 12 times as much lysine and 4.3 times 
as much valine as a wheat flour of 12°, protein. With defatted soy 
flour (50°), protein) the increase is even greater, there being 13.6 times 
as much lysine and 4.9 times as much valine in the soy flour as in a 
120, protein white wheat flour. Lysine and valine values were calcu- 
lated trom the data of Block and Bolling (5). 

Finney (7), working with a 15°, protein spring wheat flour and 
detatted soy flour, stated that “excellent bread can be made with 
blends containing up to 8°, soy flour with hard red spring wheat flour, 
the quality of the bread as measured by loaf volume and crumb grain 
being even better than for wheat flour alone provided the quantity 
of potassium bromate used in the baking formula is increased accord. 
ing to the amount of soy flour used.” Bayfield and Swanson (3) point- 
ed out that expeller-type soy flours showed inferior baking character- 
istics. It should be realized that the processing methods used tor this 
material cannot yield a flour of uniform quality. An excellent and 
comprehensive study of the functional properties of soy flour as a 
bread ingredient was published by Bohn and Favor (6). Although 
these investigators state that “bread made with soy flour is more com- 
pressible and the rate of staling is slower than for bread produced 
under similar conditions from wheat flour alone,” there seems to be 
a prejudice in the baking industry based upon long-past unfavorable 
experiences. However, present-day flours show much improvement 
over former products. 

The tull benefits of proven nutritional advantages obtained by the 
use of soy flour as a supplement to wheat flour in bread will be at 
tained only when soy flour is accepted by the American baker at 
wholesale and retail levels. Vhis acceptance by the baker can be 
achieved by making it possible for him to obtain, from any processor, 
soy flour comparable in uniformity with his wheat flour purchases. It 
is equally important for the baker to have at hand information on the 
correct use of soy flours. 

The present investigation was undertaken to determine by a baking 
survey whether previous objections to soy flours by bakers are applica- 
ble to present products which are commercially available. The pur- 
pose of this paper is to present the data on soy flour obtained through 
the survey and to emphasize some of the requirements for the success: 
ful use of this valuable ingredient. 


Materials and Methods 
A sample of full-tat flour was obtained each month for 6 months 
from the production of each of four manulacturers. The flours, as 
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received, were immediately placed in friction-top cans and stored at 
34°F. until they were used. 

The wheat flour used was a commercially milled baker's patent 
with 0.44°% ash and a protein content of 11.4%, both expressed on 
a 14.0%, moisture basis. 

The wheat flour standard was baked with optimum bromate, 5°, 
sugar, 2°, yeast, 2°), salt, and 4°), shortening. Water absorption was 
adjusted by the operator to yield optimum dough consistency. Opti- 
mum mixing time with a straight dough procedure and a 3-hour 
fermentation at 30°C. were employed. The first punch was performed 
manually, and doughs were scaled to 530 g. at the second punch and 
punched on a National dough sheeter. Molding was accomplished 
by sheeting on a National dough sheeter, hand curling and molding 
on a National molder. Baking time was 30 minutes at 220°C. in a 
rotary-hearth electrically heated oven. 

For a comparison of the soy flour with milk, some doughs were 
made by adding 4°, nonfat dry milk solids, based on the flour weight, 
to the standard and baking at optimum absorption and optimum 
bromate content according to the procedure outlined above. 

The soy flours were added, on a fat-free basis, to the wheat flour 
standard at a 5°% level based on the amount of wheat flour, and 
shortening was decreased by the amount of fat in the added soy flour. 

Each soy flour was baked at various bromate levels and at opti- 
mum absorption, by the same procedure used for the standard wheat 
flour. 

Doughs were mixed to yield duplicate loaves at each bromate level 
and duplicate mixes were made the same day. When the different 
samples of soy flour were compared, under optimum conditions for 
each flour, the bakes were repeated on different days, with duplicate 
mixes of duplicate loaves baked each day. Thus, in the bromate series, 
each value represents an average of four loaves, and in the flour com- 
parison series each value is obtained by averaging loaf volumes of 
eight loaves. All loaves were allowed to cool for | hour at room tem- 
perature before determination of loaf volume in a National volume- 
ter. After determination of loaf volume, the loaves were stored over- 
night in tin-lined drawers. 

Protein solubility of the soy flours was determined by shaking 2.5-g. 
aliquots, plus 100 ml. water, in a 250-ml. centrifuge bottle, on a com- 
mercial reciprocating shaker for 30 minutes, centrifuging, and de- 
termining nitrogen in the supernatant liquor by the Kjeldahl method. 
This value is expressed as percentage of the total nitrogen of the meal. 
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Results and Discussion 

In order to attain comparable dough consistency at the time of 
panning, it was necessary to mix all doughs containing full-fat soy 
flour to a slightly stiffer consistency than that of the basic wheat flour 
doughs. This indicates a slight slacking-off during fermentation of all 
doughs containing full-fat soy flour. In addition, all doughs contain- 
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ing soy flour were slightly stickier at mixing than the basic wheat 
flour doughs, but this condition did not persist after fermentation, 
particularly at optimum bromate levels. 

There was no apparent change in mixing time with incorporation 
of 5%, full-fat soy flour, and the increase in water absorption due to 
the added soy flour was slightly under 1°, for each percent of soy 
flour added on a full-fat basis. This is in agreement with the absorp- 
tion increase determined by Finney (7) and promulgated by the trade. 
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Loaf-volume response to potassium bromate is shown in Figs. | 
through 4. These graphs show the wide variations in optimum bro- 
mate requirement and in oxidation tolerance of the monthly samples 
from each manufacturer as well as the differences between full-fat 
flours from different manufacturers. 

A loaf-volume comparison of all the full-fat soy flours with the 
basic wheat flour and with the wheat flour plus 4% nonfat dry milk 
solids is shown by the bar graph in Fig. 5. The loaf volumes shown are 
not the maximum attainable, but are rather the volumes obtained 
when each flour was baked at that oxidation level which represents 
the optimum over-all score, with internal and external characteristics 
of the bread and with dough-handling character considered as well 


as loaf volume. 
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Fig. 4. Loaf-volume responses from addition of increments of potassium bromate to doughs 
containing 5% full-fat soy flours obtained from Mill No. 4 over a 6-month period. 


Although loaf volume of all but one of the soy flours was less than 


the average volume for the basic wheat flour and the milk-supple- 
mented flour, the differences in loaf volume were not sufficiently great 
in many cases to be considered important. 

Dough-handling character upon the addition of soy flour varied a 
great deal with the different soy flours over the range of oxidation 
used. These differences between flours were considerably minimized 
by baking at the optimum oxidation level. 

There seemed to be little correlation between loaf volumes and 
dough-handling characteristics. The flours which seemingly had the 
best tolerance to oxidation and produced doughs most nearly like 
those obtained with nonfat dry milk solids did not necessarily pro- 
duce the best loaf volumes. In fact, sample 63, which had the lowest 
loaf volume, gave doughs with excellent handling character, whereas 
sample 7, which had good loaf volume, yielded doughs which were 
“dead” and had poor handling character. Conversely, sample 31 
with very low loaf volume was baked from doughs which were “dead,” 
but sample 58 with good handling character yielded loaves of good 
volume. 

Values for protein solubility are given in Fig. 5. A comparison of 
these values with those plotted by Belter and Smith (4) against time 
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Fig. 5. Comparisons of the loaf volumes of breads containing 5% of each of 24 full-fat 
soy flours, baked at the indicated optimum potassium bromate level, with those of bread 
baked from the basic wheat flour alone and bread with 4% nonfat dry milk solids added, Also 
shown are the protein solubilities of the full-fat soy flours. 


of heat treatment shows that the heat treatment applied to the full- 
fat flours is most certainly very light as compared with the treatment 
normally given meals used for feed. There was, however, no correla- 
tion between the protein solubility values and loaf volume or dough- 
handling character. It must be concluded, therefore, that the protein 
solubility test cannot, with our present knowledge, be used to predict 
baking quality. 


The values for optimum bromate level for best bread production 
tabulated on Fig. 5 indicate that care must always be exercised by the 
baker to use levels of oxidizing agent higher than normal when soy 
flour is incorporated in the dough, and that this level may vary con- 
siderably with different lots of full-fat soy flour obtained from any 
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one manutacturer. This is in accord with statements in the papers of 
Bohn and Favor (6), Finney (7), and Finney et al. (8). 

Experience in this laboratory has indicated that with the use of 
optimal bromate the difficulties encountered in the use of full-fat soy 
flours now commercially available are minimized to a point where 
they are not of practical significance. 
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BAKING BEHAVIOR AND OXIDATION REQUIREMENTS 
OF SOY FLOUR. 
Il. COMMERCIAL DEFATTED SOY FLOURS'“ 


C. W. Orevt, ALLAN K. AND JAMES M. 


ABSTRACT 


A survey of the baking behavior of present-day defatted soy flours was 
made to determine their effect on dough and bread properties. It was found 
that with the proper amount of oxidation the use of soy flour up to 5% 
does not significantly impair loaf volume, crumb character, or dough han- 
dling properties. Nitrogen solubilities of defatted soy flours are in the 
range of 50 to 60% and the bromate requirements 3.0 to 4.0 mg. %, based 
on the weight of the wheat flour where 5% soy flour is used. An increase 


, 


in dough absorption of 1°, for each ©, of soy flour was found desirable. 


There is ample evidence in the literature (2,4) that wheat proteins 
are deficient in the two essential amino acids, lysine and valine, and 
that this deficiency can be overcome for all practical purposes by a 
judicious supplemetation with soy flour. It has also been reported by 
Ofelt, Smith, Evans, and Moser (5) that the flavor of bread made with 
the addition of 5% defatted soy flour was not differentiated, by a 
group representative of the consuming public, from the flavor of bread 
made with 4°, nonfat dry milk solids. 

Bohn and Favor (3) made an excellent study of the effects of soy 
flour as a bread ingredient and Ofelt, Smith, and Derges (6) have 
made a survey of currently available commercial full-fat soy flours to 
determine their baking behavior and oxidation requirements. The 
purpose of the present study is to increase the scope of information 
on commercial flours by extending the survey to include the defatted 
flours now available to the food industry. 


Materials and Methods 


A sample of defatted soy flour was obtained each month for 5 
months from the production of each of four manufacturers. The 
flours, as received, were immediately placed in friction-top cans and 
stored at 34°F. until they were used. 

The wheat flour used was an unbleached commercially milled 
baker's patent with 0.44% ash and a protein content of 11.4%. This 


' Manuscript received May 14, 1953. 
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Hour had weak characteristics and because of its sensitivity was ex- 
cellent for studying the use of added ingredients. 

Baking methods and the method of determining protein solubility 
were the same as those previously reported (6). 


Results and Discussion 

It was necessary to mix all doughs containing delatted soy flour to 
a slightly stiffer consistency than the basic wheat flour doughs, if com- 
parable dough consistency was to be attained at the time of panning. 
This indicates a slight slacking off during fermentation of all doughs 
containing the defatted soy flour. In addition, all doughs containing 
the defatted soy flour were slightly stickier at the mixer than the basic 
wheat flour doughs. In most doughs, particularly at optimum bromate 
levels, this stickiness did not persist through the fermentation period. 
With some flours, however, this dough stickiness was not overcome 
by fermentation or oxidizing agents. 

There was no apparent change in mixing time with incorporation 
of 5%, defatted soy flour, and the increase in water absorption due to 
the added soy was approximately 1°), for each percent of soy flour 
added. This is slightly less than values to be found in the literature 
and promulgated by the trade. 


MILL NO.1 
Somple No. 
@-'30 
0-137 
x 
4-'50 


LOAF VOLUME, mi. 


2.0 30 40 5.0 60 70 80 
POTASSIUM BROMATE, mg. % 


Fig. 1. Loaf-volume responses from addition of increments of potassium bromate to 
doughs containing 5% defatted soy flours obtained from Mill No. 1 over a 5-month period. 
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Fig. 2. Loaf-volume responses from addition of increments of potassium bromate to 
doughs containing 5% defatted soy flours obtained from Mill No. 2 over a 5-month period. 
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Fig. 3. Loaf-volume responses from addition of increments of potassium bromate to 
doughs containing 5% defatted soy flours obtained from Mill No. 3 over a 5-month period 


Loat-volume response to potassium bromate is shown in Figs. 1-4. 
These graphs indicate a fairly good agreement in optimum bromate 
requirements as far as loaf volume alone is concerned. The optimum 
bromate requirements for the commercial soy flours show good agree. 
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Fig. 4. Loaf-volume responses from addition of increments of potassium bromate to 
doughs containing 5% defatted soy flours obtained from Mill No. 4 over a 5-month period. 


ment when all characteristics such as loaf volume, external loaf char- 
acter, crumb grain, and texture are considered. 

The values for optimum potassium bromate for all the soy flours 
tested are tabulated in Fig. 5. It must be remembered that these oxi- 
dation levels are applicable to this base flour when baked by the 
procedures previously outlined and under conditions existing in our 
laboratory during this study. It is probable that the oxidation levels 
employed here may not be applicable to other base flours and under 
other shop conditions. 

Loaf-volume comparisons of the breads containing soy flour with 
bread made from the basic wheat flour plus 4°, nonfat dry milk solids 
are shown in the bar graph in Fig. 5. These loaf volumes were not the 
maximum attainable, but rather the volumes obtained when each 
flour was baked at that oxidation level which represents the optimum 
over-al} score, with internal and external characteristics and dough 
handling character considered as well as the loaf volume. Only one 
of the commercial soy flours did not yield a loaf volume in excess 
of that obtained with the addition of 4% nonfat dry milk solids to 
the basic wheat flour. Sixteen of the twenty soy flours produced bread 
with loaf volumes differing from that obtained with the basic loal by 
amounts within those considered experimental error. The other four 
flours yielded loaf-volume differences slightly in excess of experimental 
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error and of these one yielded loaves which were larger than the basic 
loaf. 

The addition of defatted soy flour had no effect upon proofing 
time. The average proofing time of all basic loaves was 59.8 minutes; 
that of all loaves containing soy flour, 59.6 minutes; and that of bread 
containing 4% nonfat dry milk solids, 55.6 minutes. 

A factor which cannot be evaluated quantitatively but is most 
important, at least in the view of the baker, is texture, usually re- 
ferred to in qualitative terms such as “silky” or “harsh.” It is perti- 
nent that, almost without exception, the addition of commercial soy 
flours to bread doughs yielded breads which had a harsh crumb as 
compared with the basic loaves. 

Color of the crumb is another factor which is difficult to evaluate 
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Fig. 5. Comparisons of the loaf volumes of breads containing 5% of each of 20 defatted 
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shown are the protein solubilities of the defatted soy flours. 
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quantitatively. Some of the commercial soy flours caused the bread 
crumb to appear whiter than the control. The use of a majority of the 
defatted soy flours, however, resulted in a crumb that had an off-white 
or gray cast that was more often dull than bright. 

Determination of protein solubility (Fig. 5) showed that the com- 
mercial defatted soy flours had received a very minimum of heat treat- 
ment. Comparison of these data with the curves of Belter and Smith 
(1) indicates that the treatment was less than the equivalent of 5 min- 
utes at atmospheric steam pressure. 

There was no correlation between the baking performance of the 
soy Hours and the values obtained for protein solubility. 

Addition of the high-protein material, soy flour, to bread could 
greatly improve the nutritional adequacy of this basic foodstuff. Be- 
cause of its high lysine content, soy flour may be the baker's most eco- 
nomical source of this amino acid for wheat protein supplementation. 

When used with the proper amount of oxidation, defatted soy 
flour does not significantly impair loaf volume, crumb character, ot 
dough-handling properties. Some soy flours improve crumb color, and 
it is doubtful that any color change caused by most soy flours would 
be noticeable to the consumer. 
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A METHOD FOR THE QUANTITATIVE DETERMINATION OF 
ALBUMINS AND GLOBULINS IN WHEAT FLOUR' 


James W. Pence, N. E. Weinstein, AND DALE K. Mecnam 


ABSTRACT 


The albumin and globulin contents of wheat flour can be estimated 
quantitatively by a method developed from the characteristic tryptophan 
and amide nitrogen contents of the albumin, globulin, and gliadin proteins 
of flour. The proportions of the three types of protein contained in an 
extract of flour are calculated from the tryptophan and amide nitrogen 
values obtained for the mixture. The method provides a better estimate 
of the soluble proteins of flour than has heretofore been available because 
interference caused by varying amounts of gliadin in flour extracts has been 
largely eliminated and the proportions of albumins and globulins are de- 
termined by means of characteristic chemical properties, Results obtained 
with the method appear to be reliable within approximately +10%. 

Most of the variation in the amount of protein extracted from a flour 
by solutions of different salts appears to be due to variation in the solu- 
bility of gliadin in such solutions, although variation in the solubility 
of albumin and globulin components was also observed. Sodium chlo- 
ride appeared to be the best of those salts examined for the simultaneous 
extraction of the largest amounts of both the albumins and globulins from 
flour. 


The soluble proteins of wheat flour, particularly the albumins, 
have been found to be necessary for the adequate performance of re- 
constituted bread doughs, at least under the experimental conditions 
used by Pence, Elder, and Mecham (10). As the soluble proteins appear 
to consist of a complex mixture of albumins and globulins (8, 9), 
satisfactory methods for quantitative determination of each type of 
these proteins are essential for study of relations between the protein 
composition of flours and variations in baking performance among 
flours. 

Early methods for determination of the soluble protein contents of 
flour (1, 7, 11) usually relied on extraction with dilute salt solutions 
and showed little concern for the identity of substances extracted, al- 
though the presence of significant amounts of gliadin was noted by 
several investigators (2, 5, 7). Separations by dialysis or heat coagula- 
tion were only occasionally used in attempts to distinguish between 
albumins and globulins (2, 13). The amount of protein extracted 
from flour with dilute salt solutions was shown by Gortner, Hoff- 
man, and Sinclair (4) to depend greatly on the kind and concentration 
of the salt used. These investigators, however, gave no information as 
to the identity of the proteins extracted with the various salts. 


1 Manuscript received August 17, 1953. Contribution from Western Regional Research 
Laboratory, Bureau of Agricultural and Industrial Chemistry, Agricultural Research Admini- 
stration, U. S. Department of Agriculture, Albany, California. 
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Recent study of the soluble proteins of flour in this laboratory (9) 
has provided new criteria for identification of the albumin and globu 
lin proteins, based on characteristic chemical and physical properties. 
The present paper describes a method of analysis derived from the 
chemical properties of these proteins which can be used to study the 
composition of extracts of flour made with different salt solutions. 
The quantities of albumin, globulin, and gliadin contained by the 
mixture of these proteins are calculated from the tryptophan and 
amide nitrogen contents of such extracts. 


Materials and Methods 

Soluble proteins were extracted from flour by slowly sifting 40 g. 
of flour into 350 mi. of 0.5 M sodium chloride (buffered at pH 6.8 with 
0.1°, phosphates) contained in an electric blender running at a slow 
speed so as to suspend the flour smoothly and with a minimum of 
loam formation. The suspension was then poured into two 250-ml. 
centrifuge bottles and shaken gently by mechanical means for 30 to 40 
minutes. The suspension was centrifuged and the supernatant de- 
canted, The flour solids were returned to the blender twice more and 
stirred for 5 to 10 minutes with 300 to 350 ml. of fresh extractant. ‘The 
supernatants were combined, and aliquots (50 to 100 ml.) of the final 
volume were taken for determination of the total and nonprotein 
nitrogen extracted from the flour. The remainder of the combined 
supernatants was dialyzed overnight against running tap water fol- 
lowed by two changes of distilled water to remove salts and dialyzable 
nonprotein nitrogenous components. The dialyzed extract was con- 
centrated under vacuum and dried by lyophilization. Yields were 
usually between 1.4 and 1.8 g. of dry material containing 6 to 9°) 
of nitrogen. 

Tryptophan was determined by the colorimetric method of Spies 
and Chambers (12), and amide nitrogen as described by Mecham and 
Olcott (6). Nonprotein nitrogen was determined as the nitrogen re- 
maining in solution alter tungstic acid treatment by the method used 
by Blish and Sandstedt (3). 

The flour samples used included several straight-grade flours, ex- 
perimentally milled from pure-variety lots of wheat. In addition, an 
unbleached, commercial cracker flour and bleached and unbleached 
samples of a commercial, second-middlings flour were used. 


Results and Discussion 
Results reported recently (9) indicate that flour albumins possess 
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a tryptophan content that is characteristically high for this group ol 
soluble proteins, whereas globulins were found to have a much lower 
tryptophan content—similar to that of gliadin, which appears to be 
the main contaminant of preparations of soluble flour proteins. Glia- 
din is characterized by an amide nitrogen content much higher than 
those of the soluble proteins. Because only these three types of protein 
appear to be present to a significant extent in dilute salt extracts of 
flour, their compositional characteristics can be used to calculate the 
approximate proportions of each protein contained in the extracts. 
Calculation of the Protein Composition of Flour Extracts. 


let (a) 
Ax + Cy 4- Ez = M, and (b) 
Bx + Dy + Fz =N (c) 


‘The letters x, y, and z represent the fraction of total protein nitrogen 
of the extract contained by the albumin, globulin, and gliadin com- 
ponents, and M and N signily the amide and tryptophan nitrogen 
contents of the extracted protein material. A and B, C and D, and E 
and F represent the amide and tryptophan nitrogen contents, respec- 
tively, of purified albumins, globulins, and gliadin as shown in the 
following table: 
Amide N Tryptophan 

Protein of Total N N of Total N 

Albumins 

Globulins 

Gliadin 
By substitution of these values in the above equations and solving tor 
x, y, and 2, the following expressions are obtained: 


x 0.0023 M-4+0.540 N—0408 (d) 
0.0547 M — 0472 N +1672 (e) 
— 0.0524M — 0.0683 N — 0.264 


The relative proportions of albumins, globulins, and gliadin in the 
mixture are thus calculated, and by multiplying x and y with the 
quantity of extracted protein, the albumin and globulin contents ol 
the flour are obtained. 

The reliability of the calculations for the proportions of each type 
of protein in an unknown mixture depends greatly on the accuracy 


with which characteristic amide and trypophan contents can be as- 
signed to each class of the proteins. The values used for these con- 
stants were obtained from the results given in Tables I, Il, and UL. 
The small variations in chemical composition of the albumin and 
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TABLE I 


TRYPTOPHAN AND Contents of ALBUMIN 
PREPARATIONS FROM Nt Flours 


| Wheat | | 
Flour Type Tryptophan N' | Amide N! 

| | : ‘ 
Commercial, unbleached | White 2.60 8.5 
urkey HRW 261 
Pentad | Durum 2.45 7.7 
Chietkan HRW | 2.50 8.3 
Comanche | HRW 2.60 8.1 
Rex White 2.79 84 
Red Chief HRW 2.50 8.9 
Thatcher | HRS 2.51 8.9 
Baart | White | 2.55 89 
Mean 2.57 84 
Coetlicient of Variation 4.1 5.6 


' Expressed as % of total nitrogen. 


TABLE II 


TRYPTOPHAN AND AMIDE NirrRocen Contents OF DIFFERENT 
GLOBULIN PREPARATIONS FROM Wurat Frour anp Gero 


Estimated Ratios of Separate 


Source Components (a:4:4)' Tryptophan N* } Amide N* 

| 

| ‘ or 

o 

Germ 0:74:20 0.81 6.0 
Germ 20:68:11 0.65 6.0 
$4:46:7 0.73 6.1 
Germ 27:52:16 O80 59 
Germ 10:70:17 0.71 6.0 
Germ 13:70:11 0.69 6.1 
Mean 0.73 6.0 
Coefficient of Variation 8.6 1.5 


' Estimated by measurement of areas under peaks on sedimentation diagrams (10). 
* Expressed as % of total nitrogen. 


globulin preparations listed in Tables I and II do not appear to have 
any systematic relation with variations in component composition as 
found by physical means (9). The so-called gliadin preparations 
listed in Table III were isolated from the indicated extracts of flour 
and are believed to represent the major protein contamination of 
albumins and globulins contained in such extracts. The amide nitro- 


gen content of this gliadinlike material is lower than the 25.5 to 
26.5%, of total nitrogen usually reported for gliadin (1). Similarly, 
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rABLE Il 


TRYPTOPHAN AND AMIDE NITROGEN CONTENTS OF GLIADINLIKE FRACTIONS 
IsoLATED FROM WATER OR Ditute-SALT ExtRactrs OF FLour' 


Tryptophan 


Solvent Amide 


or 


Distilled water 0.69 
Phosphate butler, pH 6.8 0.56 
0.10, Phosphate buffer, pH 6.8 0.63 
0.5 M Sodium bromide 0.70 


Mean 0.65 
Coefficient of Variation 10.0 


' Precipitated from extract with 0.4 M ammonium sulfate; precipitate taken up in 60% 
alcohol; heated to boiling for 30 min.; dialyzed against 60% alcohol; and the soluble frac- 
tion recovered by centrifugation and lyophilization. 

* Expressed as % of total nitrogen. 


the tryptophan nitrogen content of this gliadinlike material is lower 
than the average of 0.739% of total nitrogen found in this laboratory 
for samples of gliadin prepared from gluten by customary procedures 
and having amide nitrogen contents between 26.0 and 26.5%, of total 
nitrogen. The lower-than-normal tryptophan values for the gliadinlike 
material indicate that the low amide nitrogen values also obtained 
are not the result of admixtures of gliadin with albumins or globu- 
lins, provided the average tryptophan content of the latter is correct 
as shown in ‘Table Il. Neither is it likely that an unknown protein 
of low tryptophan content is mixed in small amounts with gliadin, 
because, as larger amounts of gliadin are extracted (with sodium bro- 
mide, for instance), the effect of such a protein should diminish. The 
results in Table III do not support such an interpretation. 

The coethcients of variation for the amide and tryptophan con- 
tents of the three classes of protein are all 10°) or less of the mean 
values, a result which is compatible with the over-all experimental 
error discussed in a later section of this paper. 


Extraction of Soluble, Proteins by Various Salts 


Because Gortner, Hoffman, and Sinclair (4) showed that the 
amount of nitrogen extracted from a flour by salt solutions depended 
greatly upon the kind and concentration of salt used, the composition 
of protein material extracted from flour by various salts was investi- 
gated. Samples of a flour were extracted, in duplicate, with 0.5 M 
solutions of the salts listed in Table IV, and the composition of the 
extracted material was determined by the method described above. 
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TABLE IV 


ALBUMIN AND Contents oF Frouk (Rep Curr) as DerTeRMINED By 
Extraction 0.5 M SoLtutions oF Various Sats! 


Protein N Protein N of Flour Expressed as: 
Extracted 
From Flour Albumin Globulin Gliadin* 


of 


Nak : 1.5 
NaCl 6 62 
Nabi $2.7 06 i. 16.7 
MgCl, 92 5.5 
CaCl . .6 14.8 
MgSO, 15 
K.SO, 7: i. 23 
Na, BO, 22. 5. 11.2 


' Solutions adjusted to pH between 6 and 7 before use. 
G in contents of the extracts are expressed here as % of protein of the flour for 
convenience of comparison only. 


As expected, a large variation was found in the total amount of 
protein nitrogen extracted by the various salts. With one exception 
(Ca** us. Mg**), the results obtained agree with those found by 
Gortner et al. (4). A large variation was also found in the amounts of 
the three types of protein contained in the extracted material, par- 
ticularly with respect to gliadin. Amounts of the latter show a pro- 
nounced tendency to vary directly with the quantity of total protein 
extracted, whereas the amounts of the other two proteins show more 
of a tendency to approach an upper limit, unrelated to the amount 
of total protein extracted. Apparently, a much greater part of the 
variation observed in the quantity of protein extracted from flour by 
solutions of different salts is due to variation in the solubility of glia- 
din than of albumins and globulins in the solutions. 

Ot the three salts which extracted the largest amounts of globulin 
(sodium chloride, magnesium sulfate, and potassium sulfate), only 
sodium chloride extracted an amount of albumin which approached 
the apparent maximum extractable. Sodium bromide and magnesium 
chloride extracted the two largest amounts of albumin, but also the 
largest amounts of gliadin and less than maximum amounts of 
globulin. 

On the basis of these results, sodium chloride appears to be the 
best single salt to use for the simultaneous extraction of the largest 
amounts of both albumins and globulins. This conclusion is supported 
by the results shown in Table V, which compares the amounts of the 
proteins extracted by 0.5 M solutions of sodium chloride and sodium 
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TABLE V 


COMPARISON OF AMOUNTS OF ALBUMINS AND GLOBULINS EXTRACTED FROM 
DirrerRent Frours 0.5 M or Soptum CHLoRipe AND 
Sopitum Bromipt 


Globulins 


Flows NaCl 


Purkof 
Red Chiel 


' Expressed as % of total flour protein. 


bromide from several different flours. With the exception of the 
Red Chief flour (used in Table IV), sodium chloride extracted a 
greater amount of the albumins than did sodium bromide. On the 
other hand, sodium bromide definitely extracted more of the globulins 
from the Purkof and Thatcher flours than did sodium chloride. 

The extent to which solubility characteristics of individual albu- 
min or globulin components contribute to these variations cannot be 
stated, as yet, but it has been observed that up to 25°; of albumins 
separated from a 0.1°), phosphate extract of flour are precipitated by 
added potassium sulfate (0.5 M final concentration). Krejci and Sved- 
berg (5) similarly observed that the molecular weights of proteins ex- 
tracted from flour with 0.5.M solutions of alkali halides increased 
when potassium bromide was used in place of sodium chloride. 

Until adequate information regarding the relationships among 
individual protein components and their solubilities in different salt 
solutions becomes available, an unknown degree of uncertainty must 


accompany application of the proposed method to flours in general. 


Reproducibility of Results 

The nature and number of manipulations necessary for prepara- 
tion of the flour extracts in the present study introduce many sources 
of experimental error. An estimate of the size of this error and the 
reproducibility of results obtained with the proposed method was ob- 
tained from the typical values shown in Table VI. Albumin and 
globulin determinations were run in quadruplicate on a sample of 
commercial, second-middlings flour which had been treated with 
chlorine dioxide. As no significant difference was found between 
values for this flour and its unbleached control run in triplicate, seven 
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TABLE VI 


REvRODUCIBILITY OF ANALYTICAL DETERMINATIONS OF 
ALBUMIN AND GLOBULIN CONTENTS OF A FLOUR 


Run No. | Albumin’! Globulin ' 


Mean 
Standard Deviation 05 06 
Coefficient of Variation 60 11.7 
Minimum Significant Difference 


' Expressed as % of total flour protein. 


*At 5% point. 


replicates were therelore available for statistical evaluation. The mini- 
mum significant differences (at the 5°, point) between albumin and 
globulin contents obtained for the separate runs were thus found to 
be 0.6 and 0.7°% of the total flour protein, respectively. The corre- 
sponding coefhcients of variation were 6.0°, and 11.7°% of the means. 

Despite the limitations and the empirical and somewhat arbitrary 
nature of the proposed method, it appears to offer a better estimate 
of the soluble protein contents of flour than has heretofore been avail- 
able. The disturbing effect of varying amounts of gliadin present 
in flour extracts can largely be avoided, and the proportions of albu- 
min and globulin obtained are based on characteristic chemical prop- 
erties of the respective proteins. It is anticipated that the empirical 
nature of the method can be reduced substantially as more detailed 
knowledge is gained regarding the chemical and solubility properties 
of individual components of the soluble proteins of flours. 
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A ROUTINE METHOD FOR ESTIMATING THE STARCH 
CONTENT OF WHEAT BY-PRODUCTS ' 


Rosertr A. D'Arcy? 


ABSTRACT 


The starch content of mill by-products may be conveniently determined 
by removing the soluble carbohydrates with 207, hydrochloric acid solution, 
hydrolyzing the residue by boiling with hydrochloric acid, and determining 
the reducing power of the digest before and after yeast fermentation. The 
difference represents glucose which arose from the hydrolysis of starch. 
Assuming that wheat endosperm contains 81°(, starch, the flour content of 
the mill streams can be readily calculated. Samples of pollard from Trish 
mills contained from 13.4 to 21.6°) starch; the values for bran ranged be- 
tween 10.5 and 13.1°). Two sets of samples from American mills gave the 
following starch contents: sharps, 26.1, 27.9°7; red dog, 36.9, 46.6°7; bran, 
12.9, 18.2%. 

The residual sugars after fermentation represent pentoses from the 
insoluble pentosans. 


In the Republic of Ireland, flour extraction is specified at 85°;,* 
of the weight of the clean wheat by government order. Commercial 
flours vary appreciably in color and ash content, indicating that dif- 
ferent mills achieve varying degrees of success in separating the endo- 
sperm from the bran and germ. A knowledge of the flour content of 
the by-products, bran and pollard (shorts), based on their starch con- 


tent, would be of value. 

For mill control, it is necessary to use a simple and rapid method. 
Preliminary trials showed that published methods were unsuitable for 
various reasons. The Rask procedure (1) involves tedious preliminary 

' Manuscript received May 26, 1953. 


2 Dublin Port Milling Co., Ltd., Dublin, Lreland. 
* Since this paper was written the extraction has been reduced to 80%. 
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extraction, and its modification according to Kent-Jones and Herd (4) 
requires the removal of protein. In the method of Chinoy, Edwards, 
and Nanji, described by Kent-Jones and Amos (5), the extraction of 
the starch is difficult and the final washing of the starch iodide with 
alcohol results in an indeterminate loss. The A.O.A.C. method, which 
involves solubilization of the starch with amylase followed by acid 
hydrolysis, requires the use of a high-amylase malt and involves tedi- 
ous filtrations. 

The modified hydrolysis procedure described in this paper was de- 
veloped for the routine determination of starch and insoluble pento- 
sans in wheat by-products. 

Routine Procedure for the Determination of Starch and Insoluble 
Pentosans in Wheat By-Products. A 1.0-g. sample in each of two 50-ml. 
centrifuge tubes is treated with dilute hydrochloric acid solution (2°, 
hydrochloric acid by volume plus 0.5 ml. Teepol* per 1.) with occa- 
sional stirring for 10 minutes. The suspension in each tube is centri- 
fuged at about 2500 r.p.m. for 7 minutes; the supernatant is removed 
by suction tubes and filtered through No. 41 Whatman paper. After 
two further extractions in this manner, the residues in both centri- 
luge tubes and on the filter paper are transferred to a 500-ml. flask 
with 180 ml. of water. Twenty ml. hydrochloric acid solution (sp. gr. 
1.125) and a few pieces of pumice stone are added and the suspension 
is boiled gently for 2.5 hours. The solution is transferred to a 250-ml. 
volumetric flask, made up to volume at 20°C., and filtered through 
No. 40 Whatman paper. The acidity in a 15-ml. aliquot of the filtrate 
is neutralized with solid sodium carbonate, using a few drops ol 
methyl orange solution as indicator, and the reducing power deter- 
mined by the Schoorl method (3). A 150-ml. aliquot of the filtrate in 
a 400-ml. beaker is adjusted to pH 6.0, with 30°) sodium hydroxide 
solution and finally with 0.1 N sodium hydroxide solution. The tem- 
perature is adjusted to 30°C., 1.0g. of washed baker's yeast added, and 
the mixture fermented for 16 hours at 30°C. After cooling to 20°C., 
the volume is made up to 250 ml., the suspension centrifuged, and the 
reducing power of 25 ml. of the supernatant determined by the 
Schoorl method. 

The aliquots for each reduction are’ equivalent to 120 mg. of the 
original sample. The thiosullate equivalent to the glucose formed by 
acid hydrolysis = (B— X) — (B— Y) = Y— X, where B = the thio- 
sulfate blank, and X and Y are the volumes of thiosulfate used in 
titrating the solution before and alter fermentation, respectively. 


‘A sulfonated hydrocarbon, manufactured by Shell, Ltd., London, England. 
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Percentage starch = (0.93G  100)/120 = 0.775G where G = mg. 
glucose corresponding to the thiosulfate titer (Y — X). 

The factor 0.93 for conversion of glucose to starch was found by 
determinations on pure wheat starch and is in agreement with the 
findings of other workers (2). 

The approximate percentage of endosperm or flour = (0.938G x 100 
100) (120 69.3) = 1.12 G, assuming that wheat endosperm con- 
tains 81°) starch on a dry basis (Shetlar et al., 6), and therefore 69.3¢;, 
starch at 14.5°;, 

The reduction after fermentation is due to the pentoses formed 
from the water-insoluble pentosans by acid hydrolysis. Assuming that 
the mixture of xylose and arabinose has the same reducing power as 
glucose, the approximate percentage of insoluble pentosans = (mg. 
pentose [from glucose table] 132 100) /(150 200) = mg. pentose 
< 0.73. The factor 132/150 provides for the conversion of pentose to 
pentosan. 


moisture. 


The extraction with dilute hydrochloric acid removes dextrins 
and water-soluble pentosans as well as sugars. The wetting agent 
(Teepol) was used to wet the small starch granules, which otherwise 
would float on the surface of the solution in the centrifuge tube. De 
terminations of reducing sugar were made on the respective filtrates 
from four successive extractions on three samples of by-products with 
the following results: 


O1 N Thiosulfate Solution 


Extraction Pollard Pollard Bran 
No. No. 2 


mi, mil, mil, 
8.7 8.9 
1.2 14 15 
0.0 0.2 
0.1 00 0.1 


' The values represent the thiosulfate corresponding to the copper reduced by an aliquot 
of the filtrate equivalent to 0.6 g. of sample. 


No comparisons were made with other methods, but recovery tests 
were carried out by adding 0.1 g. of wheat starch (containing 852°), 


starch, as estimated by difference after deducting the moisture, pro- 


tein, fat by acid hydrolysis, and ash contents) to 2.0 g. of bran o1 
pollard and determining the total starch before and alter this addi 
tion. The results of replicate tests are given in Table 1. 

These recovery experiments indicate that the method is accurate 
within about +2°;. 
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TABLE I 


Restiis of Starcn Recovery EXprRIMENTS WITH POLLARD AND BRAN 


Starch Content 


Percentage 
| With Added Starch es 
Replicate No. Untreated Starch Recovered Recovery 
meg. meg. mg. 

Pollard 

! 4132.4 520.8 88.4 103.7 

2 342.2 426.4 84.2 99.1 

5 410.3 | 493.8 83.5 98.2 


206.0 289.2 83.2 97.9 
2 262.0 | 348.8 86.8 102.1 


252.3 


$37.7 85.4 100.2 


The reducing sugars which remain after yeast fermentation repre- 
sent the pentoses derived by acid hydrolysis of the pentosans which 
are not dissolved and removed by the extractions with 2°, hydro- 
chloric acid solution. ‘Tests with pure samples of L-arabinose and 
))-xylose showed that they were not fermented by the yeast used in 
these studies. 


Results 

The method has been applied to the routine analysis of mill by- 
products for which mill yield figures were available. From these yields 
and the estimated flour content of the samples, the amount of flour 
lost in the mill offals may be calculated. Typical data are given in 
Table I. 


Discussion 

The data of Table II are self-explanatory; a few comments would, 
however, be apposite. Mill 4 would be rated the most efficient, show- 
ing the lowest flour loss coupled with the lowest total by-product yield. 
Mill 5 is the least efficient. The data for mills 2 and 3 show them to 
be about average in this respect. The high total by-product yield of 
mill 1, together with the average flour loss figure, would indicate a 
good standard of milling technic; the indications here are that the 
wheat used contained a high proportion of low flour-vielding wheats, 
due to shriveled or frosted grains. 

The spread of flour loss figures is greater in the pollard samples 
than in the bran samples; this is as would be expected. The general 
indications are that if the pollard flour content rises above 25°, at 
85°), flour extraction, then undue flour loss is taking place. 
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TABLE Il 


Tu Staren, Frour, PENTOSAN CONTENT oF 
Wuear Mis. By-Propucts 


Estimated Total 
Mill Mill Starch Flour Flour in Flour Insoluble 
No. | Material Yield’ Content Content Product Lost Pentosans 


or 
o ) 


Irish Sources 


Pollard 16 
Bran | i. 15.1 
Pollard 23.1 
Bran of 16.6 
Pollard 
Bran 

Pollard 
Bran 

| Pollard 21.6 


Bran 12.6 


American Sources 


Dog 16.6 67.2 
Sharps 27.9 


Bran 12.9 


Red Dog 3.6 36.9 
Sharps 26.1 


Bran ar 18.2 
| 


‘ Percentages are expressed on the basis of clean wheat going to the mill. 


The great difference in flour losses between Irish and American 
samples may be reasonably regarded as being largely due to the dil- 
ference in flour extraction required in the two countries; they could 
not fairly be viewed as an indication of the relative milling efficiency. 
It would indeed be an almost insoluble problem to rate, in order of 
efhciency, two mills operating at 85°; and 72°, flour extraction re- 
spectively. It is, however, only fair to say that almost certainly the 


4l 
% % 
21 22.3 
3.1 | 
1.0 25.8 
2 24 | 22 
| 3.1 | 
25.2 
| 
$ | 25 | 218 
: | 34 | 
09 24.5 
4 | 15 | 23.1 
| 28 | 
| 13 | 23.4 
5 3.1 182 
12 
| 
6 1.8 64 
| 48 8.6 12.9 
20 22.0 | 
| | | | 
7 333 (19 92 
| 
37.7 44 8.0 15.0 
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Irish mills are the more efficient in flour extraction, lor the very ob- 
vious reason that much greater effort over a long period of time has 


been expended on every device to increase the extraction, 
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THE MICROSCOPIC STRUCTURE OF BREAD AND DOUGH! * 


R. M. SANpstept,* LORENE SCHAUMBURG,*® AND JAMES FLEMING® 


ABSTRACT 


A method for obtaining photomicrographs showing the microscopic 
structure of doughs and of bread is described. The dough or bread is 
embedded in plastic and sectioned by grinding. Only the surface exposed by 
grinding is stained, and reflected light is used for taking the pictures; hence 
the need for thin sections is avoided. Photomicrographs of cross sections of 
gas cell walls of dough and bread indicate that there is no segregation of 
starch or of protein to isolated positions in the films. In general, starch 
granules are separated from each other by the protein, which is the con- 
tinuous phase of the film. Granules are oriented by the pull of the expand- 
ing gas bubble during fermentation. After gelatinization during baking, 
further expansion of gas bubbles causes a pronounced distortion of the then 
flexible granules. However, under normal baking conditions, granules do not 
disintegrate but retain their identity. 


A true picture of the structure of the films which form the walls 
of gas cells of bread would be a valuable contribution to a number 
of studies involving baking, such as the role of starch in baking and 
in bread staling and the effects on bread structure of various treat- 
ments with enzymes, oxidizing agents, and reducing agents. As stated 
by Baker (1), “The structure and properties of the walls must ol 
necessity determine the character of the dough.”” Some recent theories 
concerning the relation of starch and its modifications to the structure 
of doughs and bread (4) indicate a need for knowledge of the struc- 
ture. 

Studies of the structure of bread, by a number of investigators, 
were adequately reviewed by Burhans and Clapp (2), who pointed out 
the difficulties involved in making cross sections of films and outlined 


precautions that are necessary to avoid artifacts. 


Attempts to section and photograph bread films by the usual bo- 
tanical technics have not been satisfactory (3, 5). The wetting and 
drying of the films occasioned by these methods cause distortions 
which may be misinterpreted. Photographing by light transmitted 
through the sample makes thin films necessary. The Burhans and 
Clapp sections were cut from material frozen with carbon dioxide, 

' Manuscript received May 28, 1953. 

* Published with the approval of the Director as paper No. 618, Journal Series, Nebraska 
Agricultural Experiment Station. 

The subject matter of this paper has been undertaken in cooperation with the Quarter- 
master Food & Container Institute for the Armed Forces. The opinions or conclusions con- 
tained in this report are those of the authors. They are not to be construed as necessarily 


reflecting the views or indorsement of the Department of the Army. 
* Department of Agricultural Chemistry, University of Nebraska. 
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with fixation and staining with osmic acid vapor, dehydration with 
calcium oxide, embedding with parathn, and cutting with a sliding 
microtome, This procedure gave satislactory sections. Baker (1) noted 
that a bread film was not colored by iodine except where the film had 
been cut or ruptured—ce.g., a scratch on the surface would be colored. 
He concluded that the films of bread had walls of impervious glu- 
tenous material, and that the starch granules were completely covered 
by a protein layer and were more or less segregated to the interior ol 
the film. Baker did not confirm this theory by making cross sections 
of the walls. . 

Studies in this laboratory concerning the relation of starch to 
baking properties and the role of starch to bread staling required a 
knowledge of the microscopic structure of bread. Since botanical 
methods had been shown to be unsatisfactory, geological methods 
which were in use in a study of wheat-kernel structure were applied 
to this study also. 


Methods 

In order to avoid artifacts, certain precautions in the study of 
bread structure must be observed. Bread crumb will take up about 
five times its weight of water; this is largely due to absorption by the 
starch. Accordingly, a bread film as observed in water or stained by 
a water solution of stain would present a distorted picture. Allowing 
the films to dry, using dehydrating agents in the preparation of the 
film for sectioning, and staining with stains in dehydrating solvents 
are equally undesirable, since the shrinkage of the starch and protein 
causes breaks between starch granules and protein which may be 
misinterpreted (5). 

Crude sections of bread crumb, cut by hand with a razor blade, 
were immersed in liquid plastic containing a hardening catalyst.4 In- 
filtration of plastic into the crumb was facilitated by removal of gas 
by reduced pressure. The plastic-eembedded bread crumb was further 
sectioned by grinding (in a manner similar to methods used for sec- 
tioning geological specimens). The surface exposed by grinding was 
stained with a 1°% solution of Cotton C, Blue® in 80% glycerine. 
lodine, acid or basic fuchsin, or other stains in 80% glycerine may be 
used. This concentration of glycerine was chosen because it caused 
little shrinkage or swelling of the starch or protein. The Cotton C, 
Blue dyes the protein blue, leaving the starch white. Fortunately the 


* Plasticast C, Plasticast Drier, and Special Plasticast Catalyst, Plasticast Company, Palo 
Alto, California. 
®* Eimer and Amend, New York, N. Y. 
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stains penetrate only slowly into the protein matrix of the film; thus 
the staining may be limited to the immediate surface and the con- 
fusion due to viewing stained protein (or starch) in the background 
as well as at the surface is avoided. When the desired intensity and 
depth of color were obtained, the excess staining liquid was removed 
and the surface was covered with mineral oil for study under the 
microscope. 

Light reflected from the surface of the sample rather than light 
transmitted through the sample was used for microscopic observa- 
tions and photomicrographs. Reflected light permits the use of thick 
sections with only the exposed surface stained to show the structure. 

Cross sections of dough films are more difheult to obtain than 
those of bread films. Retention of shape and structure of a dough 
film is dependent on retention of gas pressure in the bubble; the film 
does not stand up without support. Preparation of dough sections 
was similar to that of cross sections of bread films, except that small 
pieces of dough, after 2 hours’ fermentation, were immersed in liquid 
plastic and then subjected to reduced pressure. The resulting expan- 
sion and rupture of gas cells allowed infiltration of plastic into the 
cell structure. The infiltered plastic gave sufficient rigidity to the 
cell walls so that crude sections could be cut with a razor blade. 
These sections were again immersed in plastic and, after hardening, 
were ground to expose the edges of the dough films. 


Fig. 1. Comparison of the microscopic appearance of normal bread crumb (left) to the 
edgewise view as obtained in embedded stained crumb (right) (30): a, cross sections of 
films; b, surface views of films. 
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STRUCTURE OF BREAD AND DOUGH FILMS 


Results and Discussion 


bor general orientation, Fig. | shows a low-power over-all micro 
scopic view of a slice of bread crumb betore embedding or staining 
(left) as compared to an embedded, ground, and stained crumb (right). 
Linbedding eliminates confusing background and limits the view and 
staining to the immediate exposed cut surface. The section cuts 
through the gas cell walls at various angles, thus showing films cut 
parallel (tangent) to the surface (b) as well as films cut across the 
surface (a). 

Figure 2 shows edgewise views of dough film structure betore 
baking and, accordingly, belore the starch has been gelatinized and 
thus made flexible. Even in the dough the starch granules show 
orientation in reference to the film surface, but there is no evident 
segregation of granules or protein. For contrast, Fig. 3 shows the dis- 
orderly or nonoriented arrangement of granules in a solid piece of 
dough (a newly mixed dough with no gas cells). 

Figure 2, ¢ and d, shows the edges of thin dough films. The strength 
of such films would seem to be due to a strong adherence of protein 
to starch; otherwise starch would be forced out of the films and on 


d 


_ Fig. 2. Edgewise views of dough films showing orientation and distribution of granules; 
Cotton C, Blue stain (<400): a, thick portion of film at junction of gas cells; b, c, d, cross 
sections of thin films. 
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Fig. 3. Nonoriented granule arrangement in a freshly mixed dough with no gas cells 
»). 


(x 


gelatinization these starch granules would probably become the weak 
points in the films. Granules on the surface of dough films stain 
readily with n/250 iodine in water solution in contrast to granules 
of bread films (1). 

During baking, as gas cells expand with increasing temperature, 
the pull on granules in the gas cell film is parallel to the film surlace. 
Before gelatinization, this tends to orient the granules (as indicated 
in Fig. 2). However, as granules are gelatinized and thus softened and 
made flexible, they become greatly dilated and more completely ori- 
ented, as shown in Fig. 4. This higher magnification (200) illus- 
trates the orientation and clongation of starch granules caused by 
cell expansion. The appearance ol cross sections of film is partially 
determined by the angle at which they are cut. This is illustrated in 
Fig. 4: Film a was not necessarily a thick film but may possibly have 


Fig. 4. Orientation and elongation of ber granules in cross sections of bread films 
200). 
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been a thin one cut at an acute angle to the surface. A perpendicular 
surface view of a film does not show orientation (1, 2, 3). 

Figure 5 is a higher magnification (400) of cross sections ol 
relatively thin bread films, showing an unequal distribution of large 
and small granules and of protein throughout the film, but no actual 
segregation to definite positions in the film. 


Fig. 5. Higher magnification of bread films to show unequal distribution of large and 
small granules and of protein (400): b and e, films indicating coalescence of starch granules— 
baked from dough containing a bacterial enzyme preparation. 


Figure 5, b, shows a thin film of bread. When a film has reached 
maximum expansion and is perhaps little thicker than an individual 
granule, the gelatinized granules probably are weak points in the struc- 


ture and cause rupture of the film. 

In Figure 5, b and ¢ indicate possible coalescence of starch granules 
under certain conditions. These are films from a loaf baked from 
dough containing a bacterial enzyme preparation. 

These photomicrographs indicate that, under the usual conditions 
of baking, individual starch granules are deformed but retain their 
identity, even though gelatinized. The granules do not disintegrate, 
probably because their swelling is limited by the deficiency of water 
(40°%, to 45% moisture). Each granule appears to be separated from 
the others by a protein layer, the protein being the continuous phase 
in the film. Baker's observation (1) that the starch in an unbroken 
film does not stain indicates that all granules, even those at the sur- 
face, are covered by a protein layer. ‘This may further indicate that 
under these conditions of water deficiency there is a strong bond be- 
tween starch and protein. However, in an excess of water the starch 
is easily washed from the protein. In general the granules do not touch 
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each other. They are not segregated to a particular position but are 
distributed throughout the film — how well distributed could be one 
of the factors determining the strength of the film. 
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A NOTE ON STARCH OF HIGH AMYLOSE CONTENT 
FROM CORN WITH HIGH STARCH CONTENT! 


W. L. Dearuerace,? M. M. MAcMAasrtrers,? 
M. L. Vineyvarp,® ano Ropert P. Bear* 


Native starches are known to vary considerably in the ratio ol 
amylose to amylopectin which they contain. The waxy or glutinous 
cereal starches contain litthe or no amylose (1, 7, 10), while starch 
from wrinkled-seeded, garden-type peas contains from about 60 to 
70°), amylose (5, 8). With two exceptions, all other reports of the 
amylose content of various starches indicate values between these two 
extremes. The first exception is a report that Steadfast variety peas 
contain starch which, as determined by a combination of experimental 
methods, is 98°), amylose (9). However, studies made at the Northern 
Regional Research Laboratory of starch from a sample of Steadfast 
variety peas obtained from England for the purpose indicated that 
the amylose content of the starch was 65°, (unpublished data) as de- 
termined by potentiometric titration with iodine (5). The second 
exception is a recent publication in which a corn with starch con- 
taining 77°, amylose was reported (5). 

It has been suggested that a starch of high amylose content could 
be used, without fractionation, for the preparation of films similar to 
those that have been made experimentally from amylose obtained by 
the fractionation of starch (115. Because of existing industrial facili- 
ties in the United States, the most desirable source of high-amylose 
starch would be corn. The maximum amylose content of cornstarch 
reported up to this time, however, is 77°, (3), and cornstarch of high 
amylose content has been found only in “sugary” corn with a low 
starch content (2, 3, 4, 6). 

It is now possible to report that corn with a high starch content 
has been bred, which contains starch of 55 to 60°7 amylose content. 
The development of the corn by the Bear Hybrid Corn Company will 
be reported elsewhere. 

A series of strains of corn et a new endosperm type has been pro- 
duced, in which the amylose content of the starch varies with the 
genetic composition of the corn. The amylose content of the starch 


' Manuscript received June 22, 1955. 

* Northern Regional Research Laboratory, Peoria, Hlinois. One of the laboratories of the 
Bureau of Agricultural and Industrial Chemistry, Agricultural Research Administration, U. S. 
Department of Agriculture. 


* Bear Hybrid Corn Company, Inc., Decatur, Ilinois. 
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has been determined by potentiometric titration with iodine (5); the 
highest amylose content yet found was 62%. 

One strain of the series with the new endosperm type was grown 
in sufhcient quantity for analysis and laboratory processing. ‘The 
endosperm starch of the corn was 56% amylose. (This value is based 
on the assumption that corn amylose sorbs 200 mg. of iodine per 
gm.) The corn was found to contain 60°) starch (by a polarimetric 
method) and 14.3% protein (Kjeldahl nitrogen 6.25) on the mois- 
ture-free basis. A 744°, recovery of the starch was obtained by a 
standard laboratory wet-milling procedure; the recovery was about 
the same as is obtained upon processing common dent corn by the 
method. The starch contained 1°, protein (Kjeldahl nitrogen > 6.25) 
on the moisture-free basis. The relatively high protein content of the 
starch may have resulted from processing difhculty attributable to the 
fact that the corn had been harvested at high moisture content. 

High-amylose starches from the series of corn samples are com- 
posed of granules comparable in birefringence to those of ordinary 
cornstarch and somewhat smaller in size. However, the high-amylose 
starches from the two crop years of the series have differed markedly 
from ordinary cornstarch in that the former contain many granules 
of irregular shape (Fig. 1). It is not yet known whether the irregularly 


Fig. 1. Starch containing 356% amylose, from corn with high starch content. (350%) 


shaped granules are characteristic of high-amylose starch in corn with 
high starch content or whether the granule shape is governed by 
genes that are independent of those governing the amylose content of 


the endosperm starch but which happen, in the cases found so far, 
to be associated with them. 

Similarly to the high-amylose pea starches (5) and other high- 
amylose cornstarches previously reported (4), the high-amvylose corn 


starches reported here are only partially gelatinized when a water 
suspension of the granules is boiled (Fig. 2). 


HIGH-AMYLOSE STARCHES FROM CORN 


Fig. 2. Cornstarch containing 56% amylose. Water suspension heated in a boiling-water 
bath. The field between crossed nicols, at right, is the same as that at left. (380%) 


Further studies of the characteristics of these cornstarches are in 


progress, and breeding experiments are continuing with the aim of 


increasing still further the amylose content of corn endosperm starch, 
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BOOK REVIEWS 


Fertilizer Technology and Resources in the United States. Volume III of Agron- 
omy, ed. by K. D. Jacob. 454 pp. Academic Press, Inc., New York (1953). 
Price $8.50. 


This monograph gives the substance of a number of papers presented at a 
Short Course in Fertilizer Technology at the University of Maryland, August 21-25, 
1950. Each contributor is an authority in his particular field and the volume has 
been ably edited by K. D. Jacob. Emphasis is placed on technological problems 
involved in the production of nitrogen, phosphate, and potash fertilizers both his- 
torically and those presently facing the industry. The various steps in each pro- 
cedure are well described together with the chemical reactions which are involved. 
Numerous references are made to patented processes with an extensive bibliogra- 
phy at the end of each chapter 

The changing aspects of fertilizer technology are discussed in the first chapter, 
followed by three chapters on nitrogen production, needs, and supply. Three 
chapters are devoted to phosphate resources, chemistry, and the newer develop- 
ments in processing. Potash resources and production are well described in two 
chapters. There is one chapter on the available sources and need of the secondary 
elements, calcium, magnesium, and sulfur. The next three chapters outline the 
general mechanics of mixed fertilizer production, physical and chemical problems 
in producing mixed fertilizers, and the production of mixed goods of high analy 
sis. The concluding chapter discusses special fertilizers and their uses. 

This monograph gives the substance of a number of papers presented at a 
in the fertilizer production field for the whys and wherefores involved in fertilizer 
production, and to anyone interested in the fundamentals of soil fertility and its 
maintenance. 


Joun M. MacGrercor 


Department of Soils 
University of Minnesota 
St. Paul 1, Minnesota 


Hanna's Handbook of Agricultural Chemicals. By Lester W. Hanna. 209 pp. + vi. 
Lester W. Hanna, Rt. 1, Box 210, Forest Grove, Oregon, 1952. Price: $3.25. 


This handbook contains descriptions of 96 fertilizers, 50 fumigants, 100 fungi- 
cides, 53 herbicides, 182 insecticides, 11 rodenticides and 13 miscellaneous materials. 
Chapters are included on official antidotes, toxicological information for several 
insecticides and tolerances for insecticide residues established by the Federal Food 
and Drug Administration, and a brief list of abbreviations of entomological terms. 

The book gives information concerning the chemical nature, common names, 
physical and chemical properties, formulations and uses of the various agricultural 
chemicals which are listed, together with information on toxicity and the anti- 
dotes which are recommended in case of poisoning. A complete index of the various 
chemicals, classified according to their uses, is included. 

Hanna's handbook provides a convenient source of information for those who 
are directly or indirectly concerned with agricultural chemicals, 


W. Greppes 
Department of Agricultural Biochemistry 
University of Minnesota 
St. Paul 1, Minnesota 
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Cereal Chemistry 


EDITORIAL POLICY 


Cereal Chemistry publishes scientific papers dealing with raw materials, processes, or 
products of the cereal industries, or with analytical procedures, technological tests, or funda 
mental research, related thereto. Papers must be based on original investigations, not pre- 
viously described elsewhere, which make a definite contribution to existing knowledge. 

Cereal Chemistry gives preference to suitable papers presented at the Annual Meeting of 
the American Association of Cereal Chemists, or submitted directly by members of the Asso- 
ciation. When space permits, papers are accepted from other scientists throughout the world. 

The papers must be written in English and must be clear, concise, and styled for Cereal 
Chemistry. 


Manuscripts for publication should be sent to the Editor in Chief. Advertising rates may 
he secured from and subscriptions placed with the Managing Editor, University Farm, St. 
Paul 1, Minnesota. Subscription rates, $11.00 per year. Foreign postage, 50 cents extra. 
Single copies, $2.50; foreign, $2.60. Back issues, $3.00. 


ERRATA 


Cereal Chemistry, Vol. 30, No. 5 
(September, 1953) 


Page 358, Doyle ©. Udy. Please insert the following line immediately after equa 
tion (2), line 10. 
. Where Se is the initial stress at the time, t = 0, and ¢ is the relaxation . . 


Page S61 Udy. Paragraph 3, last line: for t in the equation, read rz. 
Page 385, Cole and Milner. Line 3, for 225 my read 245 my. 


Ihe authors have courteously absolved the editorial staff and the printer ot 
responsibility for this error, which occurred in a retyping of the manuscript. 
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STERWIN PRESENTS 


Another Development of Sterwin’s continuous research 


A precision machine providing, 

for the first time, accurate and in- 

dividual metering of chlorine to 

each agitator. Guesswork and pro- 
portioning are eliminated. Tested 
and proven by long-time, success- 


FOR FAST, EFFICIENT 
and UNIFORM BLEACHING 


For complete information write to: BRANCH OFFICES: 


Atlanta, Buffalo, 
Evanston (Ill), 
Dallas, 
iwc. Kansas City (Mo.), 
Los Angeles, 
Subsidiary of Sterling Drug Inc Minneapolis, 


1450 Broadway, New York 18, N. Y. — (Ore.), 
Flour Service Div., 8 West 9th St., Kansas City, Mo. » owe 


SPECIALISTS IN FLOUR MATURING, BLEACHING AND ENRICHMENT 
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Aerosol 


50% Larvacide, 50% Methyl Chloride a 
Aeroso’ 
(liquified gas) for space fumigation. Larvacide 
Cylinder with 
EASY APPLICATION—Just open valve. Type A 
SHORT EXPOSURE TIME—Immediate vaporization and fast distribu. 


tion. 
UNIFORM PRESSURE—No pressure drop in application. 
SAFER—Because of tear gas warning. 
Other types of Larvasoler equipment available with flexible hose 
for treating empty bins, vaults, or small rooms from outside. 
Other L-P Products 


Regular LARVACIDE—contains over 99% chlorpicrin for general use 
in fumigation of grain warehouses, boxcars, cereals, rice, flour, feed, 
seeds, tobacco, cigars, soils, dried fruits, nuts, rags, furniture and 
other products and articles subject to insect attack. 


PESTMASTER METHYL BROMIDE—in 1 Ib. cans or steel cylinders, with or without 2% chlor- 
picrin. 


LARVABROME—80% Methyl Bromide, 20% LARVACIDE. Good tear gas warning and adapta- 
ble to buildings a little too loose for straight Methyl Bromide. 


GRAIN LARVAJECTOR EQUIPMENT—Discharges measured amounts of LARVACIDE with CO 
pressure from shipping contamer at ground level into bin. Saves carrying fumigant to bin 
tops. 


Write for descriptive literature on these L-P products. 


117 Liberty Street, New York 6, N. Y. 


CEREAL CHEMIST 


For research and development on auxiliary products for 


baking. Excellent opportunity for man possessing initia- 
tive and imagination. Graduate degree preferred. Ex- 
perience in baking field required. Location N. Y. area. 
Submit detailed information on training and experience. 
Salary expectancy appreciated. Reply to: Box 211, 
CEREAL CHEMISTRY, University Farm, St. Paul 1, 


Minnesota. 
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Belt Drive “ENTOLETER" ‘Big Inch’ Equipped 
with 25 HP motor starch cells which occurs 


PARTICLE SIZE 


ucthout STARCH 
DEGRADATION... 


The “ENTOLETER” 27 inch 
Impact Mill is being success- 
fully used in leading mills to 
reduce particle size of fin- 
ished flours . . . without the 


usual damage to individual 


when reduction is attempted with roller mills. Simplified 
installation — high production rates — reduced mainte- 
nance are assured. 

Users report increased volumes on cakes . . . better 
crumb appearance and reduced mixing time on cake 
mixes prepared from flour which has been processed on 
the “ENTOLETER” ‘Big Inch’. 


The trademark “ENTOLETER" is your guarantee of complete satisfaction 
 ENTOLETER DIVISION 
The Safety Car Heating and Lighting Company, Inc. 


1153 DIXWELL AVE., NEW HAVEN 4, CONN. 
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American Association of Cereal Chemists 


University Farm St. Paul, Minnesota 
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SHORTENINGS 
YOU CAN DEPEND UPON 


PRIMEX B&C 


An all-hydrogenated vegetable oil shortening of 
exceptional stability. Excellent for all deep fry- 
ing purposes. Preferred by biscuit and cracker 
bakers, manufacturers of prepared biscuit, pie 
crust and doughnut flours, and makers of other 
food products where rancidity troubles are to be 
avoided. 


SWEETEX 
The “High-Ratio” shortening. Especially de- 
signed to permit bakers to produce “High-Ratio” 


cakes, icings, and sweet yeast goods with su- 
perior eating and keeping qualities. 


NUTEX 


An all-hydrogenated vegetable oil shortening 
combining the exceptional stability of Primex 
B&C and the “High-Ratio” properties of Sweet- 
ex. A top quality shortening manufactured for 
use in prepared cake, yeast raised doughnuts and 
sweet yeast dough, and icing mixes. 


PRIMEX 


The all-hydrogenated shortening “that sets the 
quality standard.” A top grade shortening espe- 
cially recommended for doughnut frying, for 
pies, cookies and bread, and for other shortening 


purposes. 


PROCTER & GAMBLE 


Branches and warehouses in principal cities 


General Offices . . . . . . CINCINNATI, OHIO 


Does your self-rising flour produce 
higher, lighter, tastier cake? Of course 
... when it’s made with V-90. Yes, 
with V-90 added, your self-rising flour 
is truly all-purpose! Not only biscuits, 
but cakes, cookies and rolls are uni- 
formly good. Leavening dependability 
is built into the flour. 

When home baking becomes easy 
and dependable, homemakers bake more 


often. Victor's staff of cereal chemists 
and home economists are yours to use 
to make your self-rising flour a depend- 
able ‘‘baker."’ Write today for this help. 
It pays to see Victor. 


Tw 


VICTOR CHEMICAL WORKS 


143 W. JACKSON BLYD., CHICAGO 4, ILLINOIS 
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DON’T LET PROFITS 


YUE 


© for maximum gluten hydration 
© for fewer stick-ups aad doubles 
© for better make-up 
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742 BOARD OF TRADE BLOG KANSA Yom 


The fixed uniformity of DYOX treated flour is a definite 
advantage to the miller who strives to meet the baker’s 


demand for a starting product of constant value—which 
works in the bake shops with the least trouble and 


manipulation by the operator. DYOX treated flour 
assures overall dependability, uniformity of product, 
and ease of operation. 
“NOVADELOX””® for whiter, brighter flour... 
“Novadelox” is designed to meet the desire of the con- 


suming public for a bread that is truly white—and to 
enable millers to produce a uniform product of standard 


color. 
“N-RICHMENT-A””® for uniform enriching... 


“N-Richment-A” provides a readily available, simple 
and troublefree product for enriching flour—with the 
assurance that the standard procedure of adding 


“N-RICHMENT-A” will produce a dependable 
standardized flour. 

THE N-A FLOUR SERVICE DIVISION with more than a 
quarter-century of experience... 

The N-A Flour Service Division with its skilled labora- 
tories and staff is always available to work with you or 
your consultants on all phases of maturing, bleaching 


and enriching. Why not phone your nearest N-A Repre- 


sentative today! 


WALLACE & TIERNAN COMPANY, INC., AGENTS FOR 


ADEL- 
BELLEVILLE 9, NEW JERSEY - Representatives in Principal Cities 


| when you use... 


